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PREFACE TO VOLUMES I. X. 

On the completion eh' the publication of The Cmnbritlge Natural 

History the Editors think that it is desirable to give some 

explanation of the circumstances under which the work was 

originally planned, and of certain other events which have 
affected the progress of the undertaking 

o * 

The editing of the series was in the first instance entrusted 
to Mi. J. W. Clark, at that time Superintendent of the Uni- 
versity Museum of Zoology, Cambridge, and formerly Fellow of 
rmit> College. Mr. Clark almost immediately obtained the co- 

‘.’'""f"' ° f th “ presc,,t Wik »«. original prospectus, 

' a «>» volumes would be 1,, ought 

out under the supervision „f Mr . Clark, Mr. Ha, met. and Mr 

; ‘U , preliminary of arrangement of the subjects 

' , 7' 7" ” y Mr ' < l.« M the resflsi- 

ht, .or the direction of the work. This „„„ |ilM 

crys^ Jh 1 U '° ° f »"d soon 

al cm ‘ t 7 W “ without substantial 

‘ Tl » lit of contrihntors 

:,r 

ted death, in foi’" m , T** **’* — 

author to und-rtako the '] • to find another 

this the Kdit ' description of the .frusta. and in 

Mr it,. „ m ' 7. T Cre foitullilt u in securing the co-operation of 

»f KO. College, Oxford, Imr vnrio.es 
viii (i 



PREFACE 


reasons some of the intended contributors iound it necessary to 
withdraw their assistance during the progress of the work. The 
account of the Sponges, originally undertaken by Professor Sollas, 
was actually written by his daughter, Miss 1. B. J. Sollas, of 
Xewnham College The Polyehaet Worms were described by 
Dr. W. B. Benhani, now Professor of Zoology in the University 
of Otago, in place of Professor D’Arcy Thompson. Mr. F. It 
Cowper Peed, whose name does not appear in the original Pros- 
pectus, contributed an account of the fossil Brachiopods. Mr. 
H. Woods replaced Dr. Malcolm Laurie as the writer of the 
account of the TTilobites and Eurypterids, while Mr. Shipley con- 
tributed a description of King-crabs, Tardigrades, and Penta- 
stomids, in place of Dr. Laurie and Professor Thompson. The 
Fishes were undertaken by Dr. T. W. Bridge*, F.P.S., Professor of 
Zoology in the University of Birmingham, whose recent death 
the Editors deeply deplore, and by Mr. (L A. Boulenger, F.R.S., 
of the Uritish Museum (Natural History), in the place of Pro- 
fessor Bateson. Finally, i he Mammals, which at first were 
assigned to Mr. «T. Lister, were ultimately allotted to Dr. F. 
E. Beddard, F.P.S., Prosector to the Zoological Society of London. 

Mr. Clark, who resigned the office of Superintendent of the 

Museum of Zoology at the end of 1001, on his appointment as 

Begistrory «»f tie* University of Cambridge, found that his new 

duties would not permit him to carry out his original intention 

of acting as Kditoi of the series. He therefore gave up his direct 

connection with the undertaking, although he always maintained 

the friendliest interest in its progress. His resignation took 

effect before the correction of the first of the proof-sheets was 

actually eonum-need. For this reason his name does not appear 

in any of tin* volumes, but »lie Editors wish to acknowledge 

gratefully the valuable help lie gave in planning the work in its 
initial stages. 
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The ten volumes which compose The Cambridge Natural 
History were issued as they were ready for publication, and thus 
they have not appeared in any logical sequence. The following 
list gives the contents of the volumes, with a statement of the 
dates of their publication : — 


( Protozoa 

•wt T I Sponges 

\ ol. I. 1900 \ r . r . 

COE L E XTER AT A AND CT2NOPHORA 

l Echinodermata 


You 11. 


r 


1896 * 


v 


Flat wo rms and Mesozoa 
Nemertines 

Threadworms and Sagjtta 
Rotifers 

POLYCHAET WoRMS 
Earthworms and Leeches 
Gephyrea AND PllOUUSIS 
PoLYZOA 


VOL. III. 


1Rqr J Molluscs 

( 11 RAC HIO PODS 


Vol. IV. 1909 


Vol V. 1895 


Vol VI. 1899 


Crustacea 
Trilobita 

l A RAC HN I DA 

t P ycnooonida 

C Peri tat us 
J Myriapods 

| Insects, Part I. (Aptera, Orthoptera, Neuroptera, 

V ANI) PART OF HyMENOPTERA) 

f Insects, 1 art II. ( Hymenoptera ( concluded ), Coleop- 
| tera, Strepsiptera, Lepidoptera, Diptera, 

j Aphaniptera, Thysanoptera, Hemiptera, Ano- 

l PLURA) 


( Hemichordata 

Vol VII. 1904 . Ascidians and Ampiiioxus 

1 Fishes 


Vol VIII. 1901 / ^ MPHIB1A 

V Peptilia 

Vol IX. 1899 Birds 
Vol X. 1902 Mammals 


The Editors wish 
sincere thanks to the 


to take this opportunity 
contributors whose labours 


of giving their 
have made the 
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work a success, and in particular to express their appreciation 
of a quite unusual patience shewn by those among them who 
have suffered from delay in the appearance of their contributions. 
The long sufferance and good-will which they have manifested, 
and the readiness with which they have done their work more 
than once in order to bring it up to date on the eve of publica- 
tion, have been beyond praise. 

To the Publishers and to the Printers, whose forbearance 
must have been severely tried by the inevitable delays that have 

occurred, the Editors desire also to express their grateful acknow- 
ledgments. 

To the many friends who have assisted at various stages by 
their counsel, by giving information on doubtful points, and in 
some cases even by reading some of the proof-sheets, the Editors 
are under a special debt of obligation. 

The invaluable assistance which has been given by the 

Artists who have prepared the illustrations must not be forgotten ; 

and in particular the Editors owe very special thanks to Mr. 

Edwin Wilson, of Mill Lane, Cambridge, whose unrivalled skill 

in depicting animals, and whose accuracy in drawing the details 

of their anatomy, has very greatly increased the value of the 
present volumes. 

S. F. HARMER. 

A. E. SHIPLEY. 

July 1909 . 
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(p. 355). 

Muriceidae (p. 355). 
Plexauridae (p. 356). 
Gorgoniidae (p. 356). 
Gorgonellidae 
(p. 357). 
Pteroeididae 
(p. 361). 
Pcnnatulidao 
| (1>. 361). 

I Virgulariidae 

l (P. 362). 

( Funiculinidae 
(p. 362). 

Anthoptiiidac 

(p. 362). 

Kophobelenmoiiidae 

(p. 362). 
Umbellulidao 
(p. 362). 


-f Renillidae (p. 363). 


Zo&ntharia 

(pp. 329, 

365) 


Eflwardsiidea 
(p. 375) 




Actiniaria 
(p. 377) 


Actiniina 
(p. 380) 


( Edwardsiidao 

(p. 377). 

Protantheidae 

(P- 377). 
Halcampidao 
(p. 380). 

Actiniidae (p. 381). 
Sagartiidae 
(p. 381). 

Aliciidae (p. 382). 
Phyllactidae 
(p. 382). 

Bunodidae (p. 382). 
Minyadidae 
(p. 383). 


{Continued on the next )Htf/e.) 
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ANTHOZOA j Zoantharia 

(could.) | (amid. ) 


Class. 


TENTACULATA (p. 417) 


NUDA (p. 123) 


Order. 


Sub-Order. 


Actiniaiia 
(cuntd . ) 


Stichodaety- 
lina 
(p. 383) 


Mad rej*>raria 
(p. 384) 


Eutocneinaria 
(p. 394) 


Cy clocnemaria 
(p. 397) 


Zoantliidca 
(P- 404) 
Antipatliidca 
= Anti- 

patharia 
(p. 407) 
Curiauthidca 
(p. 409). 


Family. 

’ Corallimorpliidae 
(p. 383). 

Discosoinatidno (p. 383). 
Khodactidae (p. 383) 
Thalas.sianthidae 
(p. 383). 

Cynthopli yllidac (p. 394). 
Cyathaxou i it/nc (p. 394). 
Cystiph yllidac (p. 394). 

f Madrcnoridao (p. 395). 

V IWitidae fj». 396). 
Turbinolii(lae(p.39S)' 
Oculinidae (p. 399) 
Astraeidac (p. 399) 

A. (ten i mantes 
(p. 400) 

A. Fissi parantcM 
(p. 400) 

Trocliosmiliacea 
[Sub- Fain. J (p. 

401) 

•[ Pooillopuridae 
(p. 401) 
Flosiofungiidae 
^ (p. 103) 

Fungiidae (p. 403) 
Cycloseridac 
(p. 404) 
ldcsioporit idac 

, (P- 404 ).. 

Eupsammiidac 

(1». 404) j 

f Zoanthidac (]». 404). 

\ Xa ph rent idac (p. 406). 

{ Antipathidae (p. 408). 
Lciojtatliidac (p. 409). 
Dendrobrachiidae 
(p. 409). 


CTEKOPHORA (p. 

Order. 

Cydippidea (p. 417) 


Lobata (p. 418) 


Ceatoidea (p. 420) 
Platyctenea ( p. 421 ) 


412 ). 

Fanmy. 

f Mcrtensiidae (p. 417). 

■1 Callianiridae (p. 417). 

( Plcurobracliiidac (p. 418). 
Lcsucuriidae ()». 419). 
Holinidae (j». 419). 
Dciopcidac (p. 419). 
Eurhaiupliaoidai* (p. 419) 
Eueharidae ( j*. 4 20). 
Mneiniidao (]>. 4 20). 
Calymmidac (p. 420). 

V Oeyroidao (p. 420). 

Cestidae (p. 420). 
f Ctcnoplaludai* (p. 421). 

\ Cocloplanidac ( p. 422). 
Heioiduc (p. 423). 


Fungacea (p. 402'. Aj>orosa (p 397). 




SCHEME OF CLASSIFICATION 


ECHINODERMATA (p. 425). 


8ub-Phylum. Class. 


ELEU- 

THERO 

ZOA 

(p. 430) 


Aster- 

oidea 

(l‘P. 430, 
431) 


Order. 


Spinulosa 

(PP. 461, 
462) 

Velata 

(pp. 461, 
464) 

Paxillosa 

(pp. 461, 
466) 

Valvata 

(pp. 461, 
471) 


Sub-Order. 


Forcipulata 

(pp. 462, 473) 


j Streptophiurae 

V y (p. 494) 

° P oidea z yK 0 P biur a« 

(pp 43U (PP- 495) 

477) 

Cladophiurae 

pp. 491, 500) 


\/ 

Echin- 

oidca 

(pp. 131, 
503; 


Endocyclica 

(pp. 529, 530) 


Family. 

C Echinastcridae (p. 462). 

I Solasteridac (p. 462). 

I Asterinidao (p. 463). 
Poraniidae (p. 464). 
Oaneriidae (p. 464). 

. Mithrodidae (p. 464). 

( l’ythonastcridae (p. 164). 
-j Myxasteridae ( j». 461). 

\ Pt eras tend ao (p. 466). 

( Archasteridac (p. 466) 
Astropcc till idae (p. 467). 
Porcellanasteridae 
(p. 470). 

’ Linckiidac (p. 471). 
Peiitagonasterkjae 
(p. 471). ' 

Gymnastoridae (p. 471). 
Antheneidac (p. 471). 

. Pentacerotidae (p. 471). 
'Asteriidae (p. 473). 
Hcliastcridae (p. 474). 
Zoroastoridao (p. 471). 

- Stichasteridac (p. 474). 
Ped iccl 1 as te ridae 
(p. 474). 

. Brisingidae (p. 474). 

( Ophiolcpididae (p. 495). 
Ampliiuridae (p. 497). 
Ophiocomidao (p. 499). 
Ophiotliricidae (p. 499). 

( Astroscliomidae (p. 501). 
-[ Trichastcridae (p. 501). 

{ Euryalidao (p. 501). 
Cidaridao (]». 533). 
Echinotliuriidao (p. 535). 
Saleniidae (p. 537). 
Arbaciidac (p. 538). 
Diadomatidao (p. 538). 

Ecldnidae (p. 539) 


Sub-Family. 


Clype 

astroidea 

(pp. 5*^, 
542) 


• Con/ in ur rl on the, next 


\ 

Protoclypeastroidca 

(p. 548). 

Pilmlaridac (p. 519). 
Eudy j>e- Kclii nantli idae 

astroidea =Clypcastridac 
(p. 549) T (P* 64 9). 

Lagamdae (p. 549). 
Scute! 1 idae (p. 549). 


Tciiino- 

plcurinao 
^ (p. 539). 
Echininae 
(p. 539). 


SCHEME OF CLASSIFICATION 


8ub-Phvlum. 


ELEU- 
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{could.) 


pelmato- 

ZOA 

(|'P- 430, 579) 


Class. 


Order. 


Echinoidea 

l tumhl, ) 


Spatangoidea 

(pp.529, 549) 


J 


Holothuroidea 

(PI*- 431, 5G0) 


l 

f Aspidochirota 

(p. 570). 

Elasipoda 

(l>. 571). 

Pelagothuriida 

(p. 572). 

Dendrochirota 

(p. 572). 

Molpadiida 

(p. 575). 

Synaptida 

(p. 575). 


Crinoidea 

(p. 580) 


Tiibcoidra = 

Kj> RIO AST Kit 
HI REA 

0>P- 580, 590). 

C'A Rl'OlDRA 

(PP- 580, 59(5). 
( -VSTOIDEA 
(|'P- 580, 597). 

■if LA STft/i) EA 

(PP- 580, 599). 


In a dvka TA 

(p. 595). 

Articulata 

(p. 595). 

C AURHATA 

(p. 595). 


Family. 

f Echinonidae (p. 553) 

I Nucleolidae (jj. 554) 
Cassidulidae (p. 554) 

J Ananchytidae (p. 554) 
Falaeostomatidae 
(p. 554) 

Spatangidae (p. 554) 
Hiissidae (p. 556) 

A rrlmcncidi'Tnhic 
(p. 557). 

Melon it-idae (p. 557). 

T i ar r c/tin id (tc. (j>. 557). 
// fdectypoiden i j .. 5 5 8 ). 
Kcltinoamidac (j.. 558). 
Ctdlyritidac (p. 559). 


Hyocrinidae (p. 590). 
Knizocrinidae (p. 5<jQ). 
Lentacrinidao (p. 591)! 
Holopodidao (p. 59*2). 
Comatulidae (p. 594). 
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CHAPTER I 


PROTOZOA INTRODUCTION FUNCTIONS OF PROTOPLASM- 

CELL-DIVISION ANIMALS AND PLANTS 

The Free Amoeboid Cell. — It we examine under the microscope 
a fragment of one of the higher animals or plants, we find in it 
a very complex structure. A careful study shows that it always 
consists of certain minute elements of fundamentally the same 
nature, which are combined or fused into “ tissues.” In plants 
where these units of structure were first studied, and where they 
are easier to recognise, each tiny unit is usually enclosed in an 
envelope or wall of woody or papery material, so that the whole 
plant is honeycombed. Each separate cavity was at first called a 

, ’ „ thls term was then applied to the bounding wall 

an finally to the unit of living matter within, the envelope’ 
receiving the name of “ cell-wall.” In this modern sense tie 

11 a ° f a Vlscid substance, called first in animals 

$ Du J“ rd "' (!«*** '"ter in pinna, . protopWm”* 

thp f1n has P assed ^rom the vocabulary of biology i Ilto 

the domain of everyday life We qhall nm J • ©y into 

Henneguy, Le^mn bur'll clllZTl'm' v" Delage ’ H(r(dUi ' 2nd ed - 1903 ; 
Cd. 1899 ; Wilson, The Cell in ’ T"" 0 ™’ Ge ™ral Physiology, English 

these books contain full bibliographier^^ Inheritance - 2 “d ed. 1900. AH 

As we shall see later it Kir 

Protophyta, the lowest animals an,l thT\T 1° Sepa,ate shar Ply Protozoa and 

limals and the lowest plants ; and therefore in our pro- 


U 
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It is not in detached fragments of the tissues of the higher 
animals that we can best carry on this study: for here the cells 
are in singularly close connexion with their neighbours during 
life ; the proper appointed work of each is intimately related to 
that of the others ; and this co-operation has so trained and 
specially modified each cell that the artificial severance and 
isolation is detrimental to its well-being, if not necessarily fatal 
to its very life. Again, in plants the presence of a cell-wall 
interferes in many ways with the free behaviour of the cell. But 
in the blood and lymph of higher animals there float isolated 
cells, the white corpuscles or “ leucocytes ” of human histology, 
which, despite their minuteness (1/3000 in. in diameter), are in 
many respects suitable objects. Further, in our waters, fresh or 
salt, we may find similar free-living individual cells, in many 
respects resembling the leucocytes, but even better suited for our 
study. For, in the first place, we can far more readily reproduce 
under the microscope the normal conditions of their life ; and, 
moreover, these free organisms are often many times larger than 
the leucocyte. Such free organisms are individual Protozoa, and 
are called by the general term “ Amoebae.” A large Amoeba may 
measure in its most contracted state 1/100 in. or 250 fi in 
diameter, 1 and some closely allied species ( Pelomyxa , see p. 52) 
even twelve times this amount. If we place an Amoeba or a 
leucocyte under the microscope (Fig. 1), we shall find that its 
form, at first spherical, soon begins to alter. To confine our 
attention to the external changes, we note that the outline, from 
circular, soon becomes “ island-shaped ” by the outgrowth of a 
promontory here, the indenting of a bay there. The promontory 
may enlarge into a peninsula, and thus grow until it becomes a 
new mainland, while the old mainland dwindles into a mere pro- 
montory, and is finally lost. In this way a crawling motion is 
effected. 2 The promontories are called * pseudopodia ” ( = “ false- 


liminary survey to designate lowly forms of life, not formed of the aggregation of 
differentiated cells, we shall employ the useful term “Protista,” introduced by 
Haeckel to designate such beings at large, without reference to this difficult problem 
of separation into animals and plants (see also p. 35 f.). 

1 The “ micron,” represented by the Greek letter is 1/1000 mm., very nearly 
1/25,000 of an inch, and is the unit of length commonly adopted for microscopic 

measurements. 

2 A solid substratum is required, to which the lower surface Adheres slightly : that 
movement is complicated by a sort of rolling over of the upper surfaceTconstantly 
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feet”), and the general chararacter of such motion is called 
“ amoeboid.” 1 

The living substance, protoplasm, 2 lias been termed a “ jelly,” 
a word, however, that is quite inapplicable to it in its living 
state. It is viscid, a -most semi-fluid, and may well be compared 
to very soft dough which has already begun to rise. It resembles 



a 









F, °- 

the A. proteus type. (From Verworn.) ’ 1 A% llumx l >’P e 5 'J> of 

it iu often having a number of spaces, small or large filled with 
liquid (not gas). These are termed “vacuoles” or « alveoles” 
accordmg to their greater or their lesser dimensa ns In some 
cases a vacuole is traversed by strands of plasmic substance just 
as we may find such strands stretching across the 1 ’ J 

of a very liaht W- h„t ° , S the Iur ger spaces 

y Ai to nt ioat , but of course in the living noli 

- «* «f «. •• £ ■ I 

brought up boh hi cl" * ^ T ° f th ° Wer s >" r ““ i» 

Organisms, 1904, pt. vi. p. 129 f °‘‘T 1 . li 10 thc St ^V and Behaviour of the Lower 
If the protoplasm contains visible and Reactions of Amoeba.” 

external layer, wc see that these streai.roonstantW r* ” SU “ ,ly ,locs - " itlhn a clear 
'<• eael, process as it forms, an, I haek wards .k L ™ “'°" 8 ' <e,,t, ' al “ U 

llko ;l toniitain play ini' in a bell j lr T|- * lt,u " t,| e clc:l >' layer all round, 

pseudo, KM| imil js , lt fort| an(] erases \v ll enH'!" ,t "’" * ‘"° St " hen * »«» 

' «* - • eorrc.s,M>ndi,i^ 2't , £ * “ ™ . 

j 1 1 «IN 1 1 1 11. # 
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sudden heat or certain chemical coagulants), 1 and examine it 
under the microscope, the intermediate substance between the 
vacuoles that we have already seen in life is again found either 
to be finely honeycombed or else resolved into a network like 
that of a sponge. The former structure is called a “ foam ” or 
“ alveolar ” structure, the latter a “ reticulate ” structure. The 
alveoles are about 1 in diameter, and spheroidal or polygonal 
by mutual contact, elongated, however, radially to any free 
surface, whether it be that ol the cell itself or that of a larger 
alveole or vacuole. The inner layer of protoplasm (“endo- 
plasm, endosarc ) contains also granules of various nature, 
reserve matters of various kinds, oil-globules, and particles of 
mineral matter 2 which are waste products, and are called 
excretory. In fixed specimens these granules are seen to occupy 
the nodes of the network or of the alveoli, that is, the points 
where two or three boundaries meet. 3 The outermost layer 
(“ ectoplasm ” or “ ectosarc ”) appears in the live Amoeba struc- 
tureless and hyaline, even under conditions the most favourable 
for observation. The refractive index of protoplasm, when living, 
is always well under 1*4, that of the fixed and dehydrated substance 
is slightly over 16. 

Again, within the outer protoplasm is found a body of slightly 
higher refractivity and of definite outline, termed the “ nucleus ” 
(Figs. 1, 2). This has a definite “ wall ” of plasmic nature, and a 
substance so closely resembling the outer protoplasm in character, 
that we call it the “ nucleoplasm ” (also “ linin ”), distinguishing 
the outer plasm as “ cytoplasm ” ; the term “ protoplasm ” including 
both. Within the nucleoplasm are granules of a substance that 
stains well with the commoner dyes, especially the “ basic ” ones, 
and which has hence been called “ chromatin.” The linin is 


For the study of the structure of protoplasm under the microscope it is 
necessary to examine it in very thin layers, such as can for the most ..art be 
obtained only by mechanical methods (section -cutting, etc.). These methods, 
again, can only be applied to fixed specimens, for natural death is followed by 
rapid changes, and notably by softening, which makes the tissue less suitable for 
our methods. We further bring out and make obvious pre-existing differentiations 
of our specimens by various methods of staining with such dyes as logwood and 
cochineal and their derivatives, and coal-tar pigments (see also j». 11 n .). 

In many Protista these granules have been shown by Schewiakoff, in 
oo ’ V,K 18 $3, p. 32, to consist of a calcium phosphate, probably 0a.,P 2 0 K . 

' t is not always possible to tell how much of these structures rcnrcf 
*hat existed in life (see p. 11). 


-ivtss. 
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usually arranged in a distinct network, confluent into a “ parietal 
layer” within the nuclear wall; the meshes traversing a cavity 
full of liquid, the nuclear sap, and containing in their course the 
granules; while in the cavity are usually found one or two droplets 
of a denser substance termed “ nucleoles.” These differ slightly 
in composition from the chromatin granules 1 (see p. 24 f.). 

The movements of the leucocyte or Amoeba are usually 
most active at a temperature of about 40° C. or 100° F., the 
“ optimum.” They cease when the temperature falls to a point, 
the “ minimum,” varying with the 
organism, but never below freezing- 
point ; they recommence when the 
temperature rises again to the same 
point at which they stopped. If now 
the temperature be raised to a certain 
amount above 40° they stop, but 
may recommence if the temperature 
has not exceeded a certain point, the 
maximum (45° C. is a common 
maximum). If it has been raised to 





-v/Tuiii u i oeu-u renin, 


showing the radially striated cell- 
membrane, the cytoplasm con- 
taining yolk-granules, the large 
nucleus (germinal vesicle), with 
its network of linin containing 
chromatin granules, and a large 
nucleole (germinal spot). (From 
Balfour’s Embryology , after 
Hertwig.) 


a still higher point they will not 

recommence under any circumstances 
whatever. 

Again, a slight electric shock will 
determine the retraction of all pro- 
cesses, and a period of rest in a 
spherical condition. A milder shock 
will only arrest the movements. But a stronger shock may 
arrest them permanently. We may often note a relation of 

S cr t ITwi t h t Wa h *"*•* l ° Amoeba 

- * -a - -t 

movers ™l b elr‘ “ P " the ™ W that the 

stream ; this must of course Z, of Sklnt"^ U ‘ at “ ’“° VeS " P ‘ 
the being in its nla™ a • . , vanta g e ln nature, as keeping 

creatures, etc. (see also p. 2T). nS 1 & Streams set U P b >’ lar g er 
i K SUbStanCeS S ° luble in * introduced the Amoeba will, 

combination micleinic ^ esl * cclall y richin phosphorus, probably in the 







8 


PROTOZOA 


CHAP. 


as a rule, move away from the region of greater concentration 
for some substances, but towards it (provided it be not excessive) 
for others. (See also pp. 22, 23.) We find, indeed, that there is 
for substances of the latter category a minimum of concentration, 
below which no effect is seen, and a maximum beyond which 
further concentration repels. The easiest way to make such 
observations is to take up a little strong solution in a capillary 
tube sealed at the far end, and to introduce its open end into 
the water, and let the solution diffuse out, so that this end may 
be regarded as surrounded by zones of continuously decreasing 
strength. In the process of inflammation (of a Higher Animal) 
it has been found that the white corpuscles are so attracted by 
the source of irritation that they creep out of the capillaries, and 
crowd towards it. 

We cannot imagine a piece of dough exhibiting any of these 
reactions, or the like of them ; it can only move passively under 
the action of some one or other of the recognised physical forces, 
and that only in direct quantitative relation to the work that 
such forces can effect ; in other words, the dough can have 
work done on it, but it cannot do work. The Amoeba or leu- 
cocyte on the contrary does work. It moves under the various 
circumstances by the transformation of some of its internal 
energy from the “ potential ” into the “ kinetic ” state, the condi- 
tion corresponding with this being essentially a liberation of heat 
or work, either by the breaking down of its internal substances, 
or by the combination of some of them with oxygen. 1 Such 
of these changes as involve the excretion of carbonic acid are 
termed “ respiratory.” 

This liberation of energy is the “ response ” to an action of 
itseli inadequate to produce it; and has been compared not 
inaptly to the discharge of a cannon, where foot-tons of energy 
are liberated in consequence of the pull of a few inch-grains on 
the trigger, or to an indefinitely small push which makes electric 
contact: the energy set free is that which was stored up in the 
charge. This capacity for liberating energy stored up within, 
in response to a relatively small impulse from without, is termed 
' c irritability ” ; the external impulse is termed the “ stimulus.” 
The responsive act has been termed “contractility,” because io 
so often means an obvious contraction, but is • better termed 

1 In chemical phrase the process is “exothermic.** 
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“ motility ” ; and irritability evinced by motility is characteristic 
of all living beings save when in the temporary condition of 
“ rest.” 


Again, in the case of the cannon, the gunner after its dis- 
charge has to replenish it for future action with a fresh cartridge ; 
the Amoeba or leucocyte can replenish itself — it “ feeds.” When 
it comes in contact with a fragment of suitable material, it 


enwraps it by its pseudopodia (Fig. 3), and its edges coalesce 
where they touch on the far side as completely as we can join up 


the edges of dough round the apple in a dumpling, 
all that can be dissolved — i.e. it “ digests ” it, and 


It dissolves 
then absorbs 


the dissolved material into its substance, both to replace what 
it has lost by its previous activity and to supply fuel for future 



Kio. 3. Amoeba devouring a plant cell ; four successive stages of ingestion. 

(From Verworn.) 


liberation of energy; this process is termed “ nutrition,” and is 
another characteristic of living beings. 

Again, as a second result of the nutrition, part of the food 
h trofever 8 ^ ° f ^ livin S Protoplasm, and 

w ule t lle rest °f the food is transformed into reserves or 1- 

surned and directly applied to the liberation of enemy The 

= r ulkd rf° I1Utnti0n 18 th " S P^t ' is the 

growth," part is 

being aV oiinii • / ^cumulative growth’ : these reserves 

g owth or fn 111 11 by digesti011 ’ Whether for ^ure true 

the cell C ° nSUIUptl0n t0 Hberilte ener gy for the work of 

feed for theTT ° Ur canuon In >t?bt have an automatic 
that it coni I ° fresh CiU 'tridges after each sliot ; hut not 

as | , . . l m '\ e P rov *sion tor an increase of its own bulk, so 

k ain 111 C<1 X ^ re ;iU( I strength, nor even for the restoration 
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of its inner surface constantly worn away by the erosion of its 
discharges. Growth — and that growth “interstitial,” operating 
at every point of the protoplasm, not merely at its surface — is 
a character of all living beings at some stage, though they may 
ultimately lose the capacity to grow. Nothing at all comparable 
to interstitial growth has been recognised in not-living matter. 1 

Again, when an Amoeba has grown to a certain size, its 
nucleus divides into two nuclei, and its cytoplasmic body, as we 


Fig. 4. — Amoeba polypodia in successive stages of equal fission ; nucleus dark, con- 
tractile vacuole clear. (From Verworn, after F. E. Schulze.) 


may term it, elongates, narrows in the middle so as to assume 
the shape of a dumb-bell or finger-biscuit, and the two halves, 
crawling in opposite directions, separate by the giving way of the 
connecting waist, forming two new Amoebas, each with its nucleus 
(Fig. 4). This is a process of “ reproduction ” ; the special case 
is one of “ equal fission ” or “ binary division.” The original 
cell is termed the “ mother,” with respect to the two new ones, 
and these are of course with respect to it the “ daughters,” and 

1 The growth of crystals is a mere superficial deposit, and cannot at all be 
identified with protoplasmic growth. 
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“ sisters ” to one another. We must bear in mind that in this 
self-sacrificing maternity the mother is resolved into her children, 
and her very existence is lost in their production. The above 
phenomena, irritability, motility, digestion, nutrition, growth, 
reproduction, are all characteristic of living beings at some 
stage or other, though one or more may often be temporarily or 
permanently absent; they are therefore called “vital processes.” 

It, on the other hand, we violently compress the cell, if we 
pass a very strong electric shock through it, or a strong con- 
tinuous current, or expose it to a temperature much above 45 C., 
or to the action ot certain chemical substances, such as strong 
acids or alkalies, or alcohol or corrosive sublimate, we find that 
all these vital processes are arrested once and for all ; hence- 
forward the cell is on a par with any not-living substance. 
Such a change is called “ death,” and the “ capacity for death ” 
is one ol the most marked characters of living beiims This 
change is associated with changes in the mechanical and optical 
properties ot the protoplasm, which loses its viscidity and becomes 
opaque, having undergone a process of ^-solution ; for the water 
it contained is now held only mechanically in the interstices of 
a network or in cavities of a honeycomb (as we have noted 
above, p. 5), while the solid forming the residuum has a refractive 
index ot a little over 16. Therefore, it only regains its full 
transparency when the water is replaced by a liquid of hie* 
retractive index, such as an essential oil or phenol. A similar 


change may be effected by pouring white of egg into" boiW 
resuTts 0 " - SOlUte ^ k '° h01, and - iS attended with the same optical 


optical 


The study of the behaviour of coagulable colloids has 
.ecu recently studied by Fischer and by Hardy, and has 
been of the utmost service in our interpretation of the 

Sh ° WU in s P~ns under 


1 A. Holies Lee, in his MicrotomUt\ Vn.io \r , A , 

that “Clearing reagents are lioiiiculvRn Mecum, 1st ed. (1885), pointed out 

preparations transparent by penetrating fu " otl , on 18 to make microscopic 

"bit’ll the tissues are composed bavinsT, f* ^ h,gl,ly rcfractiv e elements of 
t- that of the tissues to be^d ’ T . t'fV g -a,ly inferior 

" i'ieli Water exists in Live Proto,, ' • ■ , S ' llo "' ed lat, ' r State in 
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The death of the living being finds a certain analogy in the 

breaking up or the wearing out of a piece of machinery ; but in 

no piece of machinery do we find the varied irritabilities, all 

conducive to the well-being of the organism (under ordinary 

conditions), or the so-called “ automatic processes ” 1 that enable 

the living being to go through its characteristic functions, to 

grow, and as we shall see, even to turn conditions unfavourable 

for active life and growth to the ultimate weal of the species 

(see p. 32). At the same time, we fully recognise that for 

supplies of matter and energy the organism, like the machine, 

depends absolutely on sources from without. The debtor and 

creditor sheet, in respect of matter and energy, can be proved to 

balance between the outside world and Higher Organisms with 

the utmost accuracy that our instruments can attain ; and we 

infer that this holds for the Lower Organisms also. Many of 

the changes within the organism can be expressed in terms of 

chemistry and physics ; but it is far more impossible to state 

them all in such terms than it would be to describe a 

polyphase electrical installation in terms of dynamics and 

hydraulics. And so far at least we are justified in speaking of 
“ vital forces.” 

The living substance of protoplasm contains a large quantity 
of water, at least two-thirds its mass, as we have seen, in a state 
of physical or loose chemical combination with solids : these on 
death yield proteids and nucleo-proteids. 2 The living protoplasm 

mucilage ] or of a jelly. Now the phenomena of protoplasmic motions as studied 
in the Rhizopoda and in the vegetable cell, seem absolutely to preclude the jelly 

i * * f. f 1 cases we must admit that living protoplasm is a viscid 

liquid whose refractivity is probably the mean of the two constituents separated 
>y ( eat , t in one solid, the other a watery solution : and death is for us essentially 
a process of precipation (or better, “ desolution ”). For further work on these 
hues see Hardy in Journ. Physiol, vol. xxiv. 1899, p. 158, and Fischer, Fixirung u. 

In its original use “ automatism ” designates the continuous sequence and 
com nnation of actions, without external interference, performed by complex machines 
esigm-f an made for specific ends by intelligent beings : thus we speak correctly 
o au niatic 11 bearings” that tighten of themselves when they become loose ; 

even t icse cannot take up fresh steel and redej)osit it, either to replace the 

worn par s or to strengthen a tube that is bending under a stress. 

r )tcu x arc organic compounds containing carbon, hydrogen, nitrogen, anil 

° * del, white of egg (albumen) is a familiar type. Nucleo-proteids are 

^ , " 1 ’ 0lin ' s °1 proteids with nucleinic acid, which in addition to the above elements 
contain phosphorus. 
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has an alkaline reaction, while the liquid in the larger vacuoles, 
at least, is acid, especially in Plant-cells. 1 

Metabolism. — The chemical processes that go on in the 
organism are termed metabolic changes, and were roughly 
divided by (»askell into (1) ‘‘anabolic/* in which more complex 
and less stable substances are built up from less complex and 
more stable ones with the absorption of energy; and (2) “cata- 
bolic” changes in which the reverse takes place. Anabolic 
processes, in all but the cells containing plastids or chromato- 
phores (see p. 36) under the influence of light, necessarily imply 
the furnishing of energy by concurrent catabolic changes in the 
food or reserves, or in the protoplasm itself. 

Again, we have divided anabolic processes into “ accumulative,” 
where the substances formed are merely reserves for the future 

7 v ° f , t !: e cel }> aud “assimilative,” where the substances go to 
the building of the protoplasm itself, whether for the purpose of 
growth or for that of repair. 

Catabolic processes may involve (1) the mere breaking G f 
complex substances into simpler ones, or (2) their combination 
vith oxygen ; in either case waste products are formed, which 
miy ci ler be of service to the organism as " secretions ” (like 
the bde in Higher Animals), or of no further use (like the urine) 
When nitrogenous substances break down in this way they cive 
rise to excretions,” containing urea, urates, and allied ub 2nc s 
other products of catabolism are carbon dioxide water and 
mineral salts, such as sulphates, phosphates, carbonates oxalates 
etc., which if not insoluble must needs be removed prom/tlv 

from the organism, many of them being injurious or T 7 
tl.c density of a ?™uti t on°of , g 1 ”m hTwhidT T* “ eSt ‘ mated b >* determining 

depth. It was found by the concurrent < ' ertain Infusona float freely at any 
Williams (see A mer. Natural, xxxiii 1899 ' ^ si JU ' la B ‘ PlaU a “ d Ste P hen R- 
1 '014 to 1 ' 019 , while the Metazoon Hydra^raa f* J f**"’ 1900 > P- 95) to be from 
to 1 *0115. The difference of about 0 006 u“ asv'o u"" ■ ° f °" !j 1 0095 

of magnitude,” if we admit that the actual s,,W “ ° f the correet “ order 

same specific gravity as the Infusorian wh le the r" > r ^ ^ ab ° Ut the 
by the watery contents of the intemal cavitv c ^ Wl *° le is H =btened 

result for Paramecium , usin<r a solution r’.u Jensen obtained a much higher 

carbonate ; but it is aimost°cerS that th U P ota ss1u„, 

organism, and so raise its density inthe course of th/experhuent 
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materials or stored reserves, must give rise to waste products. 
The exchange of oxygen from without for carbonic acid formed 
within is termed “ respiration,” and is distinguished from the 
mere removal of all other waste products called “ excretion/’ 
In the fresh- water Amoeba both these processes can be studied. 

Respiration , 1 or the interchange of gases, must, of course, take 
place all over the general surface, but in addition it is combined 
in most fresh-water Protista with excretion in an organ termed 
the “contractile ” or “ pulsatile vacuole” (Figs. 1, 4, etc.). This 
particular vacuole is exceptional in its size and its constancy of 
position. At intervals, more or less regular, it is seen to con- 
tract, and to expel its contents through a pore ; at each contrac- 
tion it completely disappears, and reforms slowly, sometimes 
directly, sometimes by the appearance of a variable number of 
small “ formative ” vacuoles that run together, or as in Ciliata, 
by the discharge into it of so-called “ feeding canals.” As this 
vacuole is filled by the water that diffuses through the substance, 
and when distended may reach one-third the diameter of the 
being, in the interval between two contractions an amount of 
water must have soaked in equal to one-twenty-seventh the bulk 
of the animal, to be excreted with whatever substances it has 
taken up in solution, including, not only carbon dioxide, but 
also, it has been shown, nitrogenised waste matters allied to 
uric acid. 2 

That the due interchanges may take place between the cell 
and the surrounding medium, it is obvious that certain limits to 
the ratio between bulk and surface must exist, which are dis- 
turbed by growth, and which we shall study hereafter (p. 23 f.). 

The Protista that live in water undergo a death by “ difflu- 
ence ” or “ granular disintegration ” on being wounded, crushed, 
or sometimes after an excessive electric stimulation, or contact 
with alkalies or with acids too weak to coagulate them. In this 
process the protoplasm breaks up from the surface inwards into a 
mass of granules, the majority of which themselves finally dis- 
solve. If the injury be a local rupture of the external pellicle or 

1 Energy may be derived from the mere splitting up of complex substances* 
within the cell : when such a splitting involves the liberation of C0 2 the process 
is (mis-)called “intramolecular respiration.” 

2 A similar organ, but with cellular walls, is the bladder of the Rotifers and 
certain Platyhelminthes, in connexion with their renal system (vol. ii. pp. 53, 199, 
and especially pp. 213-5). 
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cuticle, a vacuole forms at the point, grows and distends the over- 
lying cytoplasm, which finally ruptures: the walls of the vacuole 
disintegrate ; and this goes on as above described. Ciliate Infusoria 
are especially liable to this disintegration process, often termed 
“ diftiuence,” which, repeatedly described by early observers, has 
recently been studied in detail by Verworn. Here we have death 
by “ solution,” while in the “ fixing ” ol protoplasm for microscopic 
processes we strive to ensure death by “ desolution” so as to retain 
as much of the late living matter as possible. It would seem 
not improbable that the unusual contact with water determines 
the formation of a zymase that acts on the living substance itself. 

e have suggested 1 that one function of the contractile 
vacuole, in naked fresh-water Protists, is to afford a regular means 
of discharge of the water constantly taken up by the crystalloids 
in the protoplasm, and so to check the tendency to form irregular 
disruptive vacuoles and death by diflluence. This is supported 
by the fact that in the holophytic fresh-water Protista, as well 
as the Algae and Fungi, a contractile vacuole is present in the 
young naked stage (zoospore), but disappears as soon as an 

elastic cell-wall is formed to counterbalance by its tension the 
internal osmotic pressure. 

Digestion is always essentially a catabolic process, both as 
regards the substance digested and the formation of the digesting 
substance by the protoplasm. The digesting substance is termed 
a zymase ” or “ chemical ferment,” and is conjectured to be pro- 
duced by the partial breakdown of the protoplasm. In presence 
o suitable zymases, many substances are resolved into two or 
nore new substance^ ° ften taking up the elements of water at 
the same time, and are said to be “ dissociated ” or “ hydrolysed ” 

This Wow'haf Wif fully worked ’outlTli ?"*' r'y ***" (6)> Ki ‘ 1889 > V- 64 - 
Abt. 1, 1905. ’ “ y ° n Clliates » b y Degen in But. Zcit. 
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whether for assimilation, for accumulation, or for the direct 
liberation of energy for the vital processes of the organism. 

Not only food from without, but also reserves formed and 
stored by the protoplasm itself, must be digested by some zymase 
before they can be utilised by the cell. In all cases of the 
utilisation of reserve matter that have been investigated, it has 
been found that a zymase is formed by the cell itself (or some- 
times, in complex organisms, by its neighbours) ; for, after killing 
the cell in which the process is going on by mechanical means 
or by alcohol, the process of digestion can be carried on in the 
laboratory. 1 The chief digestion of all the animal-feeding Protista 
is of the same type as in our own stomachs, known as “ peptic ” 
digestion : this involves the concurrent presence of an acid, 
and Le Dantec and Miss Greenwood have found the contents 
of food-vacuoles, in which digestion is going on, to contain 
acid liquid. The ferment-pepsin itself has been extracted by 
Krukenberg from the Myxomycete, “ Flowers of tan ” (Fuligo 
varians, p. 92), and by Professor Augustus Dixon and the author 
from the gigantic irultinucleate Amoeba, Pelomyxa palustris 
(p. 52). 2 The details of the prehension of food will be treated of 
under the several groups. 

The two inodes of Anabolism — true “ assimilation ” in the 
strictest sense and “ accumulation ” — may sometimes go on con- 
currently, a certain proportion of the food material going to the 
protoplasm, and the rest, after allowing for waste, being converted 
into reserves. 


Movements all demand catabolic changes, and we now pro- 
ceed to consider these in more detail. 

The movements of an Amoeboid 3 cell are of two kinds : 
expansion, leading to the formation and enlargement of out- 

See Hartog, ‘ On Multiple Cell-aivision, as compared with Bi-partition as 
Herbert Spencer’s limit of growth,” in Rep. Brit. Ass. 1896, p. 833; “On a 
Peptic Zymase in Young Embryos,” ibid. 1900, p. 780; “Some Problems of 
Reproduction, ii. Quart. Journ. Micr. Sci . xlvii. 1904, p. 683. 

! “ 0n the Di g estive Ferment of a large Protozoon. ” Brit. Ass. 1893, p. 801. 

See for studies of the movements of Protoplasm, Berthold, Protoplasma - 

mechauik (1886) ; Biitschli, Investigations on Microscopic Foams and an Proto- 

plasm English ed. 1894 ; Verworn, General Physiology, 1899; Le Dantec, La Mature 

Vxvanle 1893 ? ; and Jensen, “ Unters. ueb. Protoplasmamechanik,” in Arch. Ges. 

P ys. lxxxvn. 1901, p. 361 ; Davenport, Experimental Morphology , i. 1897 ; H. S. 
Jennings, Contr. etc. 1904. 
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their diminution 
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growths, and “ contraction,” leading to i 
appearance within the general surface . 1 Expansion is probably 
due to the lessening of the surface-tension at the point of out- 
growth, contraction to the increase of surface-tension. Yerworn 
regards these as due respectively to the combination of the 
oxygen in the medium with the protoplasm in diminishing sur- 
face-tension, and the effect of combination with substances from 
within, especially from the nucleus in increasing it. Besides 
these external movements, there are internal movements revealed 
by the contained granules, which stream freely in the more fluid 
ulterior. Those Protista that, while exhibiting amoeboid Imove- 
ments, have no clear external layer, such as the Radiolaria Fora- 
minifera, Heliozoa, etc., present this streaming even at the 
sur ace, the granules travelling up and down the pseudopodia at 
a uite much greater than the movements of these organs them- 

“ ., In «>'» “* U» protoplasm is wetted W the Idiom 
.loch .t » act where there,, a dear outer layer- for Zt 
behaves like a greasy film } ' 1 at 

parts, we may well suppose that they would be at P<lrtlCUlar 

precise and more enen/etio Y b at once Inore 

leucocyte. In some ™ T them in A ™eba or the 

cells known as “ Flagellata^ th ^ m8 SU ° h aS the '“dividual 

Hants, or the male cells (“spermatozoa”) of Plants a h' 7** 
Ferns, and even of the Highest Animal,* th • 1 hl S h as 
the cell into one or more elnn f j , \ , ere 1S an ext ension of 

" flagella ” which, by beating the Pr ° CeSSeS ’ 

spiral rhythm, cause the cell to travel tbm l * ClprocatlD g or a 
be attached, they produce currents • +i Ugb lk ’ 0r ’ t ^ le ce ^ 
particles to the surface of the cell for ^ Watel ' ^ bring food 
may, indeed, be seen in some ~ Such Aagella 

In other cases part, or the whole of the ! P seud opodia. 

be covered with regularly arr ’ surface of the cell may 

activity (termed “ cilia” from th ^ 8 ^ ort filam ents of similar 
eyelash ), which, however instead^ Tr’ 11 '"' 6 t0 a diuii “utive 

. The t ’ t6ad ° f Whlrlln g round, bend sharply 

l lie terms expansion” a u ^ J 

it is very doubtful whether the TOZt^aU*is°d . refer onl ^ to the superficial area : 
VOL. I ulume al ters during these changes. 

C 
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down to the surface and slowly recover ; the movement affects 
the cilia successively in a definite direction in waves, and pro- 
duces, like that of flagella, either locomotion of the cell or 
currents in the medium. We can best realise their action by 
recalling the waves of bending and recovery of the cornstalks in 
a wind-swept field ; if now the haulms of the corn executed these 
movements of themselves, they would determine in the air above 
a breeze -like motion in the direction of the waves (Fig. 5). 1 
Such cilia are not infrequent on those cells of even the Highest 
Animals that, like a mosaic, cover free surfaces (“epithelium cells ”). 
In ourselves such cells line, for instance, the windpipe. One 
group of the Protozoa, the “ Ciliata,” are, as their name implies, 
ciliated cells pure and simple. 

The motions of cilia and of flagella are probably also due to 
changes of surface tension — alternately on one side and the other 



Fig. 5. — Motion of a row of cilia, in profile. (From Verworn.) 


in the cilium, but passing round in circular succession in the 
flagellum, 2 giving rise to a conical rotation like that of a weighted 
string that is whirled round the head. This motion is, however, 
strongest at the thicker basal part, which assumes a spiral form 
like a corkscrew of few turns, while the thin lash at the tip may 
seem even to be quietly extended like the point of the corkscrew. 
If the tip of the flagellum adhere, as it sometimes does, to any 
object, the motions induce a jerking motion, which in this case is 
reciprocating, not rotatory. When the organism is free, the 
flagellum is usually in advance, and the cell follows, rotating at 
the same time round its longitudinal axis ; such an anterior 
flagellum, called a “ tractellum,” is the common form in Protista 
that possess a single one (Figs. 29,7, 8 ; 30, C). In the sperma- 
tozoa of Higher Animals (and some Sporozoa) the flagellum is 
posterior, and is called a “ pulsellum.” 

The cilium or flagellum may often be traced a certain distance 
into the substance of the cytoplasm to end in a dot of denser, 

1 For discussions on the mechanism of ciliary action, see Schafer, Anat. Anz. 
xxiv. 1904, p. 497, xxvi. 1905, p. 517 ; Schuberg, Arch. Protist. vi. 1905, p. 85. 

2 Like the line of most rapid growth in a circumnutating plant-stem. 
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readily-staining plasm, which corresponds to a “centrosome” or 

centre of plasmic forces (see below, pp. 115, 1 1 > 1 141) - it has 

been termed a “ blepharoplast 1 ' 

Again the cytoplasm may have differentiated in it definite 
streaks of specially contractile character; such streaks within its 

muscuLir 

s^Tportmn wi t h ^^on oH 

sss asr investi ? the 

2s. w2«i " :x„“ d jr ic ~ 

* the 

another point of view^they 1 r ° tOZOa * re iuire study from 
“ arbitrary/’ as we may ‘say Jr f 2 , T - C1) " ^ntaneous ” or 

The Ia tter kind we wifi tike first P °° Slve fco some stimulus, 
all free cells. The stimulU hat ^Induce *** "" cha ^mtie of 
character are as follows (i ) mechanic ° Veme “ ts of a responsive 
contact ; (ii.) force of G „ A v IT ? ^ = ^ ** a - lttttio » and 

CURRENTS in the water; (iv ) ’ramant™ 1 ™ 0 '^ F ° RCE ; (“i-) 

changes in the temperature' 0 f tf (light ) 5 (v.) 

currents through the medium ■ ( v ii ) ™ edlUm ; ( vi 0 electric 

substances in the medium. ’ h presence of chemical 

These, or some of them n,n,r • 1 

results, or a combination thereof- mT ° f thrce differe "t 

arrest of motion ; ( 2 ) the assurrmti r 8Ulgle movement or an 
movement of a ch „ K J or »^««„ite poeition; (3) 

tht cc “tre to which the axial fit 

“ po<lopl Mt . b t , . H * llozoa converge, and might . a " lents of ‘he radiating 
todies. It is ’ clf , a L '; Dtr -->n 1C •' is a convenien^nl^T V a 

<«* * n such 

3 The ilt 41 p 0 n ’ cr 6 ^ 9 - 1 l*t it forward in thefet draft ofT' ^ Ph V**- 
— w , 189 ~ ^nnt is to he found 
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(i.) Mechanical stimuli. — Any sudden touch with another 
body tends to arrest all motion ; and if the shock be protracted 
or severe, the retraction of the pseudopodia follows. It is to 
this reaction that we must ascribe the retracted condition of the 
pseudopodia of most Khizopods when first placed on the slide and 
covered for microscopic examination. Free-swimming Protista 
may, after hitting any body, either remain in contact with it, 
or else, after a pause, reverse, their movement, turn over and swim 
directly away. This combination of movements is characteristic 
as a reaction of • what we may term “ repellent ” stimuli in 
general. 1 Another mechanical reaction is that to continuous 
contact with a solid ; and the surface film of water, either at the 
free surface or round an air-bubble, may play the part of a solid 
in exciting it ; we term it “ thigmotaxy ” or “ stereotaxy.” When 
positive it determines a movement on to the surface, or a gliding 
movement along it, or merely the arrest of motion and prolongation 
of contact ; when negative , a contact is followed by the retreat of 
the being. Thus Paramecium (Fig. 55, p. 151) and many other 
Ciliates are led to aggregate about solid particles or masses of 
organic debris in the water, which indeed serve to supply their 
food. On contact, the cell ceases to move its cilia except those 
of the oral groove ; as these lash backwards, they hold the front 
end in close contact with the solid, at the same time provoking 
a backward stream down the groove, which may bring in minute 
particles from the mass. 

(ii.) Most living beings are able to maintain their level in 
water by floating or crawling against Gravity, and they react 
in virtue of the same power against centrifugal force. This 
mode of irritability is termed (negative) “ geotaxy ” or “ barotaxy.” 
We can estimate the power of resisting such force by means of a 
whirling machine, since when the acceleration is greater than 
the resistance stimulated thereby in the beings, they are 
passively sent to the sides of the vessel. The Flagellates, 
Euglena and Chlamydomonas , begin to migrate towards the 
centre when exposed to a centrifugal force about equal to ^ G 
(G = 32 2 feet or 982 cm. per second) ; they remain at the centre 
until the centrifugal force is increased to 8 G ; above that they 
yield to the force, and are driven passively to the sides. The 
reaction ceases or is reversed at high temperatures. 
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(iii.) Rheotaxy 


to movt 


< i mot 


— inis is the tendency 

the stream in flowing water. It is shown by most Protista, and 
can be conveniently studied in the large amoeboid plasmodia 
ot the Myxomycetes, which crawl against the stream along wet 
strips of filter paper, down which water is caused to flow. ^Most 
animals, even of the highest groups, tend to react in the same way ; 
the energetic swimming of Fishes up-stream being in marked 
contrast with their sluggishness the other way; and every 
student of pond-life knows how small Crustacea and Rotifers, no 
less than Ciliates, swim away from the inrush of liquid into the 
dipping-tube, and so evade capture. (See Yol. II. p. 216.) 

(iv.) The movements of many Protozoa are affected areatly by 

?v HT '„ TheSe lnovemeilts have been distinguished into « photo- 
pa nc r.e to or from the position of greatest luminosity; and 
p ototactic, along the direct path of the rays. 1 Those Protozoa 

„ ( i r Z am , a P °J t / 10n ° f their c y t0 Plasm, known as a “ plastid ” or 
chromatophore (see pp. 36, 39), coloured by a green or yellow 

pigment are usually •• phototactic.” They mostly have at the 

antenor end a red pigment spot, which serves as an organ ofsmht 

and is known as an « eye-spot.” In diffused hght of ifw intensity 

they do not exhibit this reaction, but in bright sunli gh t ley 

Mos fT, faCe r" f ° rm th6re a green or yellow scum " 
photopathic- tut C 2 >Urle “h-7 0ti8ta are negativel y phototactic or 

» w X’Zif “ the — - 

Of forTs^ft t e cr abSOlUt f e 

d “ rent org *" kD “ in ; "™ — Z 

(1899-1900), has shown that whate^rTc L n T ‘ 7 F i ^ ellular Organisms 
chemical or mechanical or thermal the rej.lt » ° f the re P ellent stimulus, 

Protista is always the same iTTwil W ",° f Paramecium and many othei- 

the aboral surface, and then having rev^ H distance ‘. turns towards 
direction, front foremost as before ^Annarent • S . Wl,lls 0,1 a ^ ain in the new 
negative ones ; for if the Para^utZ ^ ^ ^ ™ often -ally 

the reaction not on entering the part chanred w^t 7 ^ - C J ° n ^ nin g C0 2 it shows 
from it into purer water, so that it continually t ! llS . aCld ’ but on Passing away 
part, while within it or in the water at a distane ^ Wk into the acid 

irregularly. It appears due to this that tl ^ c,lar S ed >t swims about 

together, as they excrete this gas into the water Tf „ l>eC ° me legated 

towards the hinder end of a Paramecium tl * If a repellent substance diffuse 

brings it into the region of greater of * -ay, 

b . v° nce ntration, and may thus kill it. 
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then are repelled instead of being attracted. The most active 
part of the spectrum in determining reactions of movement are 
the violet and blue rays of wave-length between 40 ya/10 and 
49 n! 10, while the warmer and less refractive half of the spectrum 
is inert save in so far as it determines changes in the tempera- 
ture of the medium. 

(v.) The movements of many Frotozoa are rendered sluggish 
by cold, and active by a rise of Temperature up to what we 
may term the “ optimum ” ; the species becomes sluggish again 
as the temperature continues to rise to a certain point when 
the movements are arrested, and the being is said to be in 
a state of “ heat-rigor.” Most Frotozoa, again, tend to move in 
an unequally heated medium to the position nearest to their 
respective optimum temperature. This is called “ thermotax y.” 
The temperature to which Amoeba is thermotactic is recorded as 
35° C. (95° F.) ; that of Paramecium is 28° C. (82° F.). 

(vi.) Most active Frotozoa tend to take up a definite position 
in respect to a current of Electricity passing through the 
medium, and in the majority of cases, including most Ciliates, 
Amoeba , and Trachelomonas, they orient their long diameters 
in the direction of the lines of force and swim along these to 
assemble behind the cathode. The phenomenon is called 
“ galvanotaxy,” and this particular form is “ negative.” Opalina 
(Fig. 41, p. 123), however, and most Flagellates are “positively 
galvanotactic,” and move towards the anode. H. H. Dale 1 has 
shown that the phenomenon may be possibly in reality a case 
of chemiotaxy, for the direction of motion varies with the 
nature and concentration of the medium. It would thus be a 
reaction to the “ ion ” liberated in contact with the one or other 
extremity of the being. Induction shocks, as we have seen, if 
slight, arrest the movements of Frotozoa, or if a little stronger 
determine movements of contraction ; if of sufficient intensity 
they kill them. No observation seems to have been made on 
the behaviour of Frotista in an electric field. A magnetic field 
of the highest intensity appears to be indifferent to all Frotista. 

(vii.) We have already referred to the effect of dissolved 
Chemical Substances present in the water. If the substance 
is in itself not harmful, and the effect varies with the concentra- 
tion, we term the reaction one of “ tonotaxy,” which combines 

1 “ Galvanotaxis and Chemotaxis,” Joum. of Physiol, vol. xxvi. 1900-1901, p. 291. 
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with that of “ chemiotaxy ” for substances that in weak solution 

are attractive or repellent to the being. Paramecium, which feeds 

on bacteria, organisms of putrefaction, is positively chemiotuctic 

to solutions of carbon dioxide, and as it gives this off in its own 

respiration, it is attracted to its fellows. The special case of 

reaction to gases in solution is termed “ aerotaxy,” or “ pneumo- 

taxy, according as the gas is oxygen or carbon dioxide. We 

find that in this respect there are degrees, so that a mixed 

culture of Flagellates in an organic infusion sorts itself out 

under the cover of a microscopic preparation, into zones of 

distinct species, at different distances from the freely aerated 

e ge, according to the demands of each species for oxygen and 
U(J 2 respectively. 

movements’ ” '^f i n ° te ^ the a PP arentl y “spontaneous 
\ements of 1 rotists can hardly be explained as other than 

due either to external stimuli, such as we have just studied or to 

interna 1 stimuli the outcome of internal changes, such as fatigue 

Reproduction. — We have noted above that the growth of in 
organism M retains its shape alters the ratio of the simfaS 

in Tife FoV't T 1Ume ’ r S ° UeC6SSary f ° r the Chan g es involved 

anv S 1 T0lume ° f an or g anism varies as the cube of 

onfv With"? ■’ ^ tKe Sm ' faCe Varies with ^e square 

that tV r e g °' ng lnto the arithmetical details, we may sav 
that the ratio of surface to volume is lessened to roughly four fiftlit 

of the original ratio when the cell doubles its bulk A 

thi a ^ivfr c o e f z\TZa a z r tedout ’ this must reduceS 

division of the cell into W Tl " reSt ° red ^ the 

look on as the most ZniZ mod T”™* f ° r What we 

simplest, and which we term « fition M * 18 the 

nssion at Spencers “limit of 

cabe b o^Tcm cube r Wing t0 the SiZe ° fa 2 - centi n>etre 

Its bulk IS ] cubic centimetre. The sunerfici 6 Sq " are centimetr «, and 

measures 24 square centimetres, while ,ts voh.m ° f ^ cube 

Thus the larger cube has only 3 cm so of f n ’ eaSUres 8 c “ b ic centimetres, 
■nstead of 6 ; in other words, the rat o of surf r T** ° UbiC Cm ‘ of volume, 
growth. Three successive bipartition of tl V ,° lume has b -‘ved by 

separate 1 centimetre cubes, * " ! ^'S-r cube will divide it into eight 

voiume. “°' v possessing the original ratio of surface to 
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growth.” Other modes of reproduction will be studied later 
(p. 30), after a more detailed inquiry into the structure of 
the nucleus and of its behaviour in cell -division. All cell- 
division is accompanied by increased waste, and is consequently 
catabolic in character, though the anabolic growth of living 
protoplasm, at the expense of the internal reserves, may be 
concurrent therewith. 


Cell-Division 


In ordinary cases of fission of an isolated cell the cell 
elongates, and as it does so, like other viscid bodies, contracts 
in the middle, which becomes drawn out into a thread, and 
finally gives way. In some cases ( e.g . that of the Amoeba , Fig. 4) 


the nucleus previously undergoes a similar division by simple 
constriction, which is called direct or “amitotic” division. But 
usually the division of the nucleus prior to cell -division is 
a more complex process, and involves the co-operation of the 
cytoplasm ; and we must now study in detail the nucleus and its 
structure in “ rest ” and in fission. 1 

We have noted above (p. 6, Fig. 2) the structure of the 
so-called “ resting nucleus,” 2 when the cell is discharging the 
ordinary functions of its own life, with its wall, network of linin, 
chromatin-granules, and nucleole or nucleoles. The chromatin- 
granules are most abundant at two periods in the life of the 
cell, (1) when it is young and fresh from division, and (2) at the 
term of its life, when it is itself preparing for division. In the 
interim they are fewer, smaller, and stain less intensely. In 
many Protista the whole or greater part of the chromatin is 
densely aggregated into a central “ nuclein-mass ” or karyosome 


1 The nucleus is regarded by some as equivalent to a central nervous organ for 
the cell ; by others, such as G. Mann and Verworn, as the chief chemical centre of 
the cell, and notably the seat of the secretion of the zymases or ferments that play 
so important a part in its life-work ; for it is found that a Protist deprived of its 
nucleus can execute its wonted movements, but can neither digest nor grow. This 
conclusion may appear to be rather sweeping and premature, but we have seen 
that the changes of surface tension are the direct antecedents of the motions of 
the cytoplasm, we know that such changes are induced by chemical changes ; and 
thus the nucleus — if it be the central laboratory to which such changes are 
ultimately due — would really in a certain sense be a directive centre. 

2 The term “resting” is very ill-chosen, for even superficial observation shows 
that the relative position and characters of the internal structures of such a nucleus 
are constantly changing with the vital activities and functions of the cell. 
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suspended in the linin network (long regarded as a mere 
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When cell-division is about to take place the linin, or at least 
the greater part of it, assumes the character of a number of 
distinct threads, and the whole of the chromatin granules are 
distributed at even distances along these (Fig. 6, A, B, C), 
so as to appear like so many strings of beads. Each such 
thread is called a “ chromosome.” Then each bead divides 

longitudinally into two. The thread flattens into a ribbon, edged 
by the two lines of chromatin beads. Finally, the ribbon splits 
longitudinally into two single threads of beads (Fig. 6, E). 
During these changes the nucleole or nucleoles diminish, or even 
disappear, as if they had contributed their matter to the growth of 
the chromatin proper. In Higher Animals and Plants the nuclear 
wall next disappears, and certain structures become obvious, 
especially in the cytoplasm of Metazoa. Two minute spheres of 
plasm (themselves often showing a concentric structure), the 
“ centrosomes,” 1 which hitherto lay close together at the side of 
the nuclear wall, now separate ; but they remain connected by a 
spindle of clear plasmic threads (Fig. 6, B-E) which, as the 
centres diverge, comes to lie across the spot the nucleus occupied, 
and now the chromosomes lie about the equator of this spindle 
(Fig. 6, F). Moreover, the surrounding cytoplasm shows a radiat- 
ing structure, diverging from the c.entrosome, so that spindle and 
external radiations together make up a “ strain-figure,” like that 
of the “ lines of force ” in relation to the poles of a magnet. Such 
we can demonstrate in a plane by spreading or shaking iron 
filings on a piece of paper above the poles of a magnet, or in 
space by suspending finely divided iron in a thick liquid, such as 
mucilage or glycerin, and bringing the vessel with the mixture 
into a strong magnetic field ; 2 the latter mode has the advantage 

The origin of the centrosomes is a problem not yet certainly solved, if indeed 
it be susceptible of any universal solution. They are certainly absent in many 
plants , and, on the other hand, structures which correspond to them often appear 
in mitotic divisions of Protista. In some cases the centrosomes are undoubtedly 
of nuclear origin, and pass out through the nuclear wall into the cytoplasm. 

hough the forces at work in the dividing cell are similar in their effects to 
such physical forces as magnetism, static electricity, and even capillarity, and 
models utilising such physical forces have been devised to represent the strain- 
figures of the cell, the cell forces are distinct from any known physical force. For 
discussions of the nature of the forces at work, with bibliographies, see Augel 
Gallardo, Interpretation IXnAmica dr. la Hiviti&n Celular, 1902 ; Khumbler, in 
rc Entw. xvi. 1903, p. 476 ; Hartog, C.R. cxxxviii. 1904, p. 1525, and “ On the 
Dual Force of the Dividing-cell,” pt. i. Froc. Roy. Soc. 1905 B, lxxvi. p. 548. 
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of enabling us to watch the changes in the distribution of the 
lines under changing conditions or continued strain. 

The chromosomes are now completely split, each into its two 
daughter-segments, which glide apart (Fig. 7, G, ep\ and pass 

each to its own pole of the spindle, stopping just short of the 



Fio. 7.— Completion of mitotic cell-division O 
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chromosomes (J), so as to combine them into a nucleus for the 
daughter-cell. The reorganisation of the young nucleus certainly 
varies in different cases, and has been ill -studied, probably 
because of the rapidity of the changes that take place. The 
cytoplasm now divides, either tapering into a “ waist ” which 
finally ruptures, or constricting by the deepening of a narrow 
annular groove so as to complete the formation and isolation of 
the daughter-cells. 

We might well compare the cell-division to the halving of a 
pumpkin or melon, of which the flesh as a whole is simply 
divided into two by a transverse cut, while the seeds and the 
cords that suspend them are each singly split to be divided 
evenly between the two halves of the fruit ; the flesh would 
represent the cytoplasm, the cords the linin threads of the 
nucleus, and the seeds the chromatin granules. In this way 
the halving of the nucleus is much more complete and 
intimate than that of the cytoplasm ; and this is the reason 
why many biologists have been led to regard the nuclear seg- 
ments, and especially their chromatic granules, as the seat of the 
hereditary properties of the cell, properties which have to be 
equally transmitted on its fission to each daughter-cell . 1 But we 
must remember that the linin is also in great part used up in 
the formation of these segments, like the cords of our supposed 
melon ; and it is open to us to regard the halving in this 
intimate way of the “ linin ” as the essence of the process, and 
that of the chromatin as accessory, or even as only part of the 
necessary machinery of the process. The halving or direct 
splitting lengthwise of a viscid thread is a most difficult problem 
from a physical point of view ; and it may well be that the 
chromatin granules have at least for a part of their function the 
facilitation of this process. If such be the case, we can easily 
understand the increase in number, and size and staining power 
of these granules as cell-division approaches, and their atrophy 
or partial disappearance during their long intervening periods of 
active cell life. Hence we hesitate to accept the views so 
commonly maintained that the chromatin represents a “ germ- 


1 See Th. Boveri, Ergcbnissc neb. d. Konstilulion d. chromatischen Substanz des 
Zellkerns (1903), for the most recent defence of this view. He lays, however (p. 2), 
far more stress on the individuality of the segments themselves than on the actual 
chromatin material they contain. 


I 


MITOSIS OR KARYOKINESIS 


29 


plasm” or “ idioplasm ” of relatively great persistence, which 
gives the cell its own racial qualities. 1 

The process we have just examined is called “ mitosis,” 
karyomitosis, or “ karyokinesis ” ; and the nucleus is said to 
undergo “indirect” division, as compared to “direct” division 
by mere constriction. In an intermediate mode, common to 
many Protista, the nuclear wall persists throughout the whole 
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they have been termed “chromidia” by It. Hertwig. New 
nuclei may be formed by their growth and coalescence, the 
oiiginal nucleus sometimes disappearing more or less completely. 

In certain cases the division of the nucleus is not followed by 
t lat of the cytoplasm, so that a plurinucleate mass of protoplasm 
results : this is called an “ apocyte ” ; and we find transitional 
forms between tins and the uninucleate or true cell. Thus in 
one species of Amoeba ( A . binucleata ) there are always two 
nuclei, which divide simultaneously to provide for the outfit of 
the daughter-cells on fission. Again, we find in some cases that 
similar multmucleate masses may be formed by the union of two 
or more cells by their cytoplasm only : such a union is termed 
permanent plastogamy,” and the plurinucleate mass a “ plas- 
modium.” 1 Here again we find intermediate forms between plas- 
modium and apocyte, for the nuclei of the former may divide and 
so increase in number, without division of the still growing 
mass. Both kinds of plurinucleate organisms are termed 
“ coenocytes ” without reference to their mode of origin. 

The rhythm of cell-life that we have just studied is called 

the “ Spencerian ” rhythm. Each cell in turn grows from half 

the bulk of its parent at the time it was formed to the full size 

o that parent, when it divides in its own turn. Best is rare, 

and assumed only when the cell is exposed to such unfavourable 

external conditions as starvation, drought, etc.; it has no necessary 
relation to fission. 

Multiple fission or brood-formation. — We may now turn to 

a new rhythm, in strong contrast to the former : a cell after 
aving attained a size, often notably greater than its parents, 
divides: without any interval for growth, the daughter -cells 
again divide, and this may be repeated as many as ten times, 
or even more, so as to give rise to a number of small cells — 4, 

^ 1024, etc., respectively. Such an assemblage of small 

ce s so formed is called a brood, and well deserves this name, 
or t ey never separate until the whole series of divisions is 
comp ete . By this process the number of individuals is rapidly 

orffanism^nrifT ^ as ^^ ni ^ r * s a process found in some Foraniinifera, where two 

Ze Thil^ 6 7 i h - eir C * t .° plaan,S 80 that thcr « bo complete blending of 

conin'ffaftion 6 fTT P™-" : ^timatcly separate again. In the 

Zrr , t,,C Union of thc cytoplasms is a temporary 

plastogamy (see p. 148 f.). 1 J 

2 See Figs. 9, 29, 31, 34, etc., pp. 54, 89, 95, 101. 
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increased, hence it has received the name of “ sporulation.” , , u 
term spores is especially applied to the reproductive bodies of 
Cryptogams, such as Mosses, Fungi, etc. : the resulting cells are 
called “ spores,” “ zoospores ” if active (“ amoebulae ” if provided 
with pseudopodia, “ flagellulae ” if flagellate), “ aplanospores,” if 
motmniess. We prefer to call them by the general term “ brood- 
cells the original cell the “ brood-mother-cell,” and the process 

multipie fissmn ” ° r “ brood-formation.” As noted, the brood- 

mother-cell usually attains an exceptionally large size, and it in 
most cases passes into a state of rest before entering on division • 
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completed before the cytoplasm divides ; thus the brood-mother- 
cell becomes temporarily an apocyte, 1 which is then resolved 
simultaneously into the 1 -nucleate brood-cells. 

A temporary apocytial condition is often passed through in 
the formation of the brood of cells by repeated divisions without 
any interval for enlargement ; for the nuclear divisions may go on 
more rapidly than those of the cytoplasm, or be completed before 
any cell-division takes place (Figs. 31, 34, 35, pp. 95, 101, 104), 
the nuclear process being “ accelerated ” or the cytoplastic being 
“ retarded,” whichever we prefer to say and to hold. Thus as 
many as thirty-two nuclei may have been formed by repeated 
binary subdivisions before any division of the cytoplasm takes 
place to resolve the apocyte into true 1 -nucleate cells. 


In many cases of brood-formation the greater part of the food-supply of 
the brood-mother-cell has been stored as reserve-products, which accumulate 
in quantity in the cell ; this is notably seen in the ovum or egg of the 
Higher Animals. How great such an accumulation may be is indeed well 
seen in the enormous yolk of a bird’s egg, gorged as it were to repletion. 
When a cell has entered on such course of “ miserly ” conduct, it may lose 
all power of drawing on its own supplies, and finally that of accumulating 
more, and passes into the state of “ rest.” To resume activity there is needed 
either a change in the internal conditions — demanding the lapse of time — 
or in the external conditions, or in both . 2 We may call this resumption 
“ germination.” 


Very often in the study of a large and complex organism we are able to 
find processes in action on a large scale which, depending as they must do on 
the protoplasmic activities of its individual cells, reveal the nature of similar 
processes in simple unicellular beings : such a clue to the utilisation of 
reserves by a cell which has gorged itself with them so as to pass into a state 
of rest is to be found in that common multicellular organism, the Potato. 
This stores up reserves in its underground stems (tulxirs) ; if we plant these 
immediately on the completion of their growth, they will not start at once, 
even under what would outwardly seem to Ixi most appropriate conditions. 
A certain lapse of time is an essential factor for sprouting. It would appear 
that in the Potato the starch can only be digested by a definite ferment, which 
does not exist when it is dug, but which is only formed very slowly, and 
not at all until a certain time has supervened ; and that sprouting can only 


1 This condition may be protracted in the segmentation of the egg of certain 
Higher Animals, such as Peripatus (V ol. V. p. 20). It is clearly only a secondary 
and derived condition. 

The usual antecedent of change in the condition of the egg is “ fertilisation ” — 
its conjugation with the sperm ; but this is not invariable ; and a transitory sojourn 
of ceitain marine eggs in a liquid containing other substances than sea-water may 
induce the egg on its return to its native habitat to segment and develop. This 
has been mistermed “Chemical fertilisation, ” discovered within the last six years 
by Jacques Loeb, and already the subject of an enormous literature. 
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Uike place when soluble material has been providi-d in this wav for the 
growth of the young shoots. We have also reason to believe that these 
ferments are only formed by the degradation of the protoplasm itself. Now 
obviously this degradation must be very slow in a resting organism; and 
any external stimulus that will tend to protoplasmic activity- will thereby 
tend to form at the same time the digestive ferments and dissolve the stored 
supplies, to render them available for the life-growth and reproduction of 
the being. 1 e now see why inactive “ miserly ” cells so often pass into a 
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cases which prevail among the Higher Animals and Plants, the 
larger cell is motionless, and the smaller is active, ciliate, flagellate, 
or amoeboid: the coupled -cell or zygote is here termed the 
“oosperm.” 1 It encysts immediately in most Protista except 
Infusoria, Acystosporidae, Haemosporidae, and Trypanosomatidae. 

As the size of the two gametes is so disproportionate in most 
cases that the oosphere may he millions of times bigger than the 
sperm, and the latter at its entrance into the oosphere entirely 
escape unaided vision, the term “egg” is applied in lax speech, 
both (1) to the female cell, and (2) to the oosperm, the latter 
being distinguished as the “ fertilised egg,” a survival from the 
time when the union of two cells, as the essence of the process, 
was not understood. 

We know that in viany cases, and have a right to infer that in a//, 
chemiotaxy plays an important part in attracting the pairing-cells to one 
another. In Mammals and Sauropsida there seems also to 1 e a rheotactic 
action of the cilia lining the oviducts, which work downwards, and so induce 
the sperms to swim upwards to meet the ovum, a condition of things that 
was most puzzling until the nature of rheotaxy was understood. A remark- 
able fact is that equal gametes rarely appeal- to be attracted by members of 
the same brood, though they are attracted by those of any other brood of the 
same species. 2 It may well be that each brood has its own characteristic 
secretion, or “smell,” as it were, slightly different from that of other broods, 
just as every dog has his, so easily recognisable by other dogs ; and that the 
cells only react to different “smells” to their own. Such a secretion from 
the surface of the female cell would lessen its surface tension, and thereby 
render easier the penetration of the sperm into its substance. 

As a rule, one at least of the pair-cells is fresh from division, and it would 
thus appear that the union of the nuclei is facilitated when one at least of 
them is a “ young” one. Of the final mechanism of the union of the nuclei, we 
know nothing : they may unite in any of the earlier phases of mitosis, or 
even in the “ resting state.” A fibrillation of the cytoplasm during the 
process, radiating around a centrosome or two centrosomes indicates a strained 
condition. 3 

1 For details sec Hartog, “ Some Problems of Reproduction,” Quart. Journ. Micr. 
Sri. xxxiii. p. 1, xlvii. p. 583 ; and Ann. Biol. vol. iv. (1895) 1897 ; E. B. Wilson, 
Yves Delage, and Hcnneguy (references on p. 3, note) ; and for a singularly clear 
and full treatment of the processes in Protozoa, Arnold T>ang, Lr.hrh. d. Very/. 
Aunt. 2nd ed. Lief. 2, “ Protozoa,” 1900. 

2 This phenomenon, which we have termed “exogamy,” is common in Proto- 
phyta ; it has been clearly demonstrated by Schaudinn in Foraminifera and the 
Lobose Rhizopod Triclmxphacrium (p. 53 f. Fig. 9), and by Pringshcim in the 
Volvocinc Panilorina (p. 128 f. Fig. 45). It is quite independent of the differentia- 
tion of binary sex. 

s Other modes of syngarny, such as karyogamy and plastogamy, we shall discuss 
l»elow, pp. 69, 148 ; see also p. 30. 
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Regeneration. — Finally, experiments have been made by 

several observers as to the effects of removing parts of Protozoa, 

to see how far regeneration can take place. The chief results 
are as follows : — 

1. A nucleated portion may regenerate completely, if of 
sufficient size. Consequently, multinucleate forms, such as 
Aeti iinsphaeriu rn (Heliozoa, Fig. 19, p. 72), may he cut into a 
number of fragments, and regenerate completely. In Ciliatn, such 
as m <» f lg. 59, p. 156), each fragment must possess a portion 
ot the meganucleus, and at least one micronucleus (p. 145) and 
moreover, must possess a certain minimum size. A Iiadiolarian 
central-capsule fp. 75; with its endoplasm and nucleus may 

nmW \ bUt the >*' dat “ d ooplasm being non 

into the ectoo] 116 ' ^ ca l ,sule ” of ' OI,e species introduced 

to the ectoplasm of another, closely allied, did well. All non- 

nucleate pieces may exhibit characteristic movements but auueir 
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the word. In this sense, vegetal nutrition is the utilisation of 
nitrogenous substances that are more simple than proteids or 
peptones, together with suitable organic carbon compounds, etc., 
to build up proteids and protoplasm. The simplest of organisms 
with a vegetal nutrition are the Schizomycetes, often spoken of 
loosely as “bacteria” or “ microbes,” in which the differentiation of 
cytoplasm and nucleus is not clearly recognisable. Some of these 
can build up their proteids from the free uncombined nitrogen of 
the atmosphere, carbon dioxide, and inorganic salts, such as 
sulphates and phosphates. But the majority of vegetal feeders 
require the nitrogen to be combined at least in the form of a 
nitrate or an ammonium salt — nay, for growth in the dark, they 
require the carbon also to be present in some organic combination, 
such as a tartrate, a carbohydrate, etc. Acetates and oxalates, 
“ aromatic ” compounds 1 and nitriles are rarely capable of being 


utilised, and indeed are often prejudicial to life. In many 
vegetal feeders certain portions of the protoplasm are specialised, 
and have the power of forming a green, yellow, or brown pig- 
ment ; these are called “ plastids ” or “ chromatophores.” They 
multiply by constriction within the cell, displaying thereby 


a certain independent individuality. These plastids have in 
presence of light the extraordinary power of deoxidising carbon 
dioxide and water to form carbohydrates (or fats, etc.) and 
free oxygen ; and from these carbohydrates or fats, together with 
ammonium salts or nitrates, etc., the vegetal protoplasm at large 
can build up all necessary food matter. So that in presence ot 
light of the right quality 2 and adequate intensity, such coloured 
vegetal beings have the capacity for building up their bodies 
and reserves from purely inorganic materials. Coloured vegetal 
nutrition, then, is a process involving the absorption of energy; 
the source from which this is derived in the bacteria being very 
obscure at present. Nutrition by means of coloured plastids is 


1 Whence the antiseptic powers of such aromatic alcohols as phenol and thymol, 
and acids as salicylic acid, etc., and their salts and esters. 

'* The portion of the spectrum that is operative in “ holophytic ” nutrition is the 
red or less refrangible half, and notably those rays in the true red, which are absorbed 
by the green pigment chlorophyll, and so give a dark band in the red of its 
absorption spectrum. The more refrangible half of the spectrum, so active on 
silver salts, that it is usually said to consist of “chemical rays,” is not only 
inoperative, but has a destructive action on the pigments themselves, and even 
on the protoplasm. Chlorophyll is present in all cAses even when more or less 
modi tied or masked by the accompaniment of other pigments. 
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distinguished as 4 ' holophytic,” and that from lower substances, 
whieh, however, contain organically combined carbon, as “sapro- 
phytic, lor such are formed by the death and decomposition of 
living beings. The third mode of nutrition (found in some 
bacteria; from wholly inorganic substances, including tree nitrogen, 
has received no technical name. All three modes are included 
in the term “ autotrophic. ” (self-nourishing). 

\ egetal feeders have a great tc ndeney to accumulate reserves 
in insoluble forms, such as starch, paramylum, and oil-globules 

on the one hand, and pyrenoids, proteid crystals, aleurone granules 
on the other. 

A\ hen an animal-feeding cell encysts or surrounds itself 
with a continuous membrane, this is always of nitrogenous 

composition, usually containing the glueosamide “chit-in.” The 

vegetal cell-wall, on the contrary, usually consists, at least 
primarily, of the carbohydrate “ cellulose ’’—the vegetal cell beiim 
richly supplied with carbohydrate reserves, and drawing on them 
to supply the material for its garment. This substance is what 
" e are all familiar with in cotton or tissue-paper 

Again not only is the vegetal cell very ready to surround 
'tseif with a cell-wall, hut its food-material, or rather, speaking 
accurately, the inorganic materials from which that food is to be 
manufactured, may diffuse through this wall with scarcely any 
difficulty. Such a cell can and does grow when encysted : it m-ows 
even more readily in this state, since none of its energies are 
absorbed by the necessities of locomotion, etc. Growth leads of 

the'form ‘ l . lv,H, ® n : tl,ere ls ofte » ^ economy of wall-material ’by 
tln fol iation of a mere party-wall dividing the cavity of the old 

M/c rims the division tends to form a colonial a-iJate 
Much continues to grow in a motionless, and, so far a “ restL ” 

tZ; - " 
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in abeyance for the most part, and there is formed an apocyte 
with a continuous investment, sometimes, however, chambered at 
intervals by partitions between multinucleate units of protoplasm. 
We started with a purely 'physiological consideration, and we 
have now arrived at a morphological distinction, very valid 
among higher organisms. 

Higher Plants consist of cells for the most part each 
isolated in its own cell-cavity , save for the few slender threads of 
communication. 

Higher Animals consist of cells that are rarely isolated in 
this way , hut are mostly in mutual contact over the great?)' part of 
their surface. 

Again, Plants take in either food or else the material for 
food in solution through their surface, anti only by diffusion 
through the cell-wall. Insectivorous Plants that have the power 
of capturing and digesting insects have no real internal cavity. 
Animal-feeding Protista take in their food into the interior of 
their protoplasm and digest it therein, and the Metazoa have an 
internal cavity or stomach for the same purpose. Here again 
there are exceptions in the case of certain internal parasites, such 
as the Tapeworms and Acanthocephala (Vol. II. pp. 74, 174), 
which have no stomachs, living as they do in the dissolved 
food-supplies of their hosts, but still possessing the general tissues 
and organs of Metazoa. 

Corresponding with the absence of mouth, and the absorption 
instead of the prehension of food, we find that the movements 
of plant-beings are limited. In the higher Plants, and many 
lower ones, the colonial organism is firmly fixed or attached, and 
the movements of its parts are confined to flexions. These are 
produced by inequalities of growth; or by inequalities of temporary 
distension of cell-masses, due to the absorption of liquid into 
their vacuoles, while relaxation is effected by the cytoplasm and 
cell-wall becoming pervious to the liquid. We find no case of a 
differentiation of the cytoplasm within the cell into definite 
muscular fibrils. In the lower Plants single naked motile cells dis- 
seminate the species ; and the pairing-cells, or at least the males, 
have the same motile character. In higher Cryptogams, Cycads, 
and (rinkgo (the Maiden-hair Tree), the sperms alone are free- 
swimming ; and as we pass to Flowering Plants, the migratory 
character of the male cells is restricted to the smallest limits, 
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though never wholly absent. Intracellular movements of the 
protoplasm are, however, found in all Plants. 

In Plants we find no distinct nervous system formed ot cells 
and differentiated from other tissues with centres and branches and 
sense-organs. These are more or less obvious in all Metazoa, 
traces being even found in the Sponges. 

AVe may then define Plants as beings which have the power 
of manufacturing true food-stuffs from lower chemical substances 
than proteids, often with the absorption of energy. They have 
the power of surrounding themselves with a cell-wall, usually of 
cellulose, and of growing and dividing freely in this state, in 
which animal-like changes of form and locomotion are impossible ; 
their colonies are almost always fixed or floating ; free locomotion 
is only possible in the case of their naked reproductive cells, 
and is transitory even in these. The movements of motile parts 
of complex plant-organisms are due to the changes in the osmotic 
powers of cells as a whole, and not to the contraction of 
differentiated fibrils in the cytoplasm of individual cells. Plants 
that can form carbohydrates with liberation of free oxvtren have 

1 V O 

always definite plastids coloured with a lipoehrome 1 pigment, 
or else (in the Phycochromaceae) the whole plasma is so coloured. 
Solid tood is never taken into the free plant- cell nor into an 
internal cavity in complex Plants. If, as in insectivorous Plants, 
it is digested and absorbed, it is always in contact with the 
morphological external surface. In the complex Plants apocytes 
and syncytes are rare — the cells being each invested with its own 
wall, and, at most, only communicating by minute threads with 
its neighbours. No trace of a central nervous system with 
differentiated connexions can be made out. 

Animals all require proteid food ; their cyst-walls are never 
formed of cellulose; their cells usually divide in the naked 
condition only, or if encysted, no secondary party-walls are 
formed between the daughter-cells to unite them into a vegetative 
colony. Their colonies are usually locomotive, or, if fixed, their 
parts largely retain their powers of relative motion, and are often 
provided on their free surfaces with cilia or flagella ; and many 
cells have differentiated in their cytoplasm contractile muscular 
n Tils. 1 heir food (except in a few parasitic groups) is always taken 

1 Pigments soluble in tin* ordinary solvents of fats, sueh as ether benzol, 
chloroform, etc. ’ 
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into a distinct digestive cavity. A complex nervous system, of 
many special cells, with branched prolongations interlacing or 
anastomosing, and uniting superficial sense-organs with internal 
centres, is universally developed in Metazoa. All Metazoa fulfil 
the above conditions. 

But when we turn to the Protozoa we find that many of the 
characters evade us. Tuere are some Dinoflagellates (see p. 130 ) 
which have oloured plastids, but which differ in no other respect 
(even specific) from others that lack them : the former may have 
mouths which are functionless, the latter have functional mouths. 
Some colourless Flagellates are saprophytic and absorb nutritive 
liquids, such as decomposing infusions of organic matter, possibly 
free from all proteid constituents ; while others, scarcely different, 
take in food after the fashion of Amoeba. Sporozoa in the 
persistence of the encysted stage are very plant-like, though 
they are often intracellular and are parasitic in living Animals. 
On the other hand, the Infusoria for the most part answer to all 
the physiological characters of the Animal world, but are single 
cells, and by the very perfection of their structure, all due to 
plasmic not to cellular differentiation, show that they lie quite 
off the possible track of the origin of Metazoa from Protozoa. 
Indeed, a strong natural line of demarcation lies between Metazoa 
and Protista. Of the Protozoa, certain groups, like the Foramini- 
fera and Radiolaria and the Ciliate and Suctorial Infusoria are 
distinctly animal in their chemical activities or metabolism, their 
mode of nutrition, and their locomotive powers. When we turn 
to the Proteomyxa, Mycetozoa, and the Flagellates we find that 
the distinction between these and the lower Fungi is by no 
means easy, the former passing, indeed, into true Fungi by the 
Chytridieae, which it is impossible to separate sharply from those 
Flagellates and Proteomyxa which Cienkowsky and Zopf have 
so accurately studied under the name of “ Monadineae.” Again, 
many of the coloured Flagellates can only (if at all) be dis- 
tinguished from Plants by the relatively greater prominence and 
duration of the mobile state, though classifiers are generally 
agreed in allotting to Plants those coloured Flagellates which in 

the resting state assume the form of multicellular or apocytial 
filaments or plates. 

On these grounds we should agree with Haeckel in distinguish- 
ing the living world into the Metazo a, or Highe r Animals, which 
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are sharply marked off; the Metaphyta, or Higher Plants, which 
it is not so easy to characterise, but which unite at least two or 
more vegetal characters ; and the Protista, or organisms, whose 
differentiation is limited to that within the cell (or apocyte), and 
does not involve the cells as units of tissues. These Protista, 


again, it is impossible to separate into animal and vegetal so 
sharply as to treat adequately of either group without including 
some of the other: thus it is that every text-book on Zoology, 
like the present work, treats of certain Protophyta. The most 
unmistakably animal group of the Protista, the Ciliata, is, as we 


have seen, by the complex differentiation of its protoplasm, 
\n idel) removed from the Metazoa with their relatively simple 
cells but differentiated cell-groups and tissues. The line of 
probable origin of the Metazoa is to be sought, for Sponges at 
least, among the Choanoflagellates (pp. 121 f. 181 f.). 


CHAPTER II 


PROTOZOA (cOXTIXUEb) : SPONTANEOUS GENERATION 
CHARACTERS OF PROTOZOA — CLASSIFICATION 


The Question of Spontaneous Generation 

1 rom the first discovery of the Protozoa, their life-history has 
been the subject of the highest interest : yet it is only within 
our own times that we can say that the questions of their 
origin and development have been thoroughly worked out. If 
animal or vegetable matter of any kind be macerated in water, 
filtered, or even distilled, various forms of Protista make their 
appearance ; and frequently, as putrefaction advances, form after 
form makes its appearance, becomes abundant, and then disappears 
to be replaced by other species. The questions suggested by such 
phenomena are these: (1) Do the Protista arise spontaneously, 
that is, by the direct organisation into living beings of the 
chemical substances present, as a crystal is organised from a 
solution : (2) Are the forms of the Protista constant from one 
generation to another, as are ordinarv birds, beasts, and fishes ? 

The question of the “ spontaneous generation ” of the Protista 
was readily answered in the affirmative by men who believed that 
Lice bred directly from the filth of human skins and clothes ; 1 and 
that Blow-flies, to say nothing of Honey-bees, arose in rotten 
flesh : but the bold aphorism of Harvey “ ornne vivum ex ovo ” at 
once gained the ear of the best-inspired men of science, and set 
them to work in search of the “eggs” that gave rise to the 
organisms of putrefaction. Redi (ob. 1699) showed that Blow- 
flies never arise save when other Blow-flies gain access to meat 

O 

and deposit their very visible eggs thereon. Leeuwenhoek, his 

M e have ourselves had hard work to persuade intelligent men of fair general 
education, even belonging to a learned profession, that this is not the case 
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contemporary, in the latter half of the seventeenth century 
adduced strong reasons for ascribing the origin of the organisms 
of putrefaction to invisible air-borne eggs. L. Joblot and II. 
Baker in the succeeding half-century investigated the matter, and 
showed that putrefaction was no necessary antecedent of the 
appearance ot these beings: that, as well as being air-borne, the 
germs might sometimes have adhered to the materials used for 
making the intusion ; and that no organisms were found if the 
intusions were boiled long enough, and corked when still boiling. 
These \ie\vs were strenuously opposed by .Needham in Kngland, by 
Wnsberg in Germany, and by Buffon, the great French naturalist 
and philosopher, whose genius, unballasted by an adequate know- 
ledge of facts, often played him sad tricks. ‘ Spallanzani made a 
detailed study ot what we should now term the “ bionomical ” or 
“ oecological” conditions of Protistic life and reproduction in a 
manner worthy of modern scientific research, and not attained by 
some who took the opposite side within living recollection. He 
showed that infusions kept sufficiently long at the boiling-point 
in hermetically sealed vessels developed no Protistic life. As lie 
had shown that active Protists are killed at much lower 
temperatures, lie inferred that the germs must have much limber 
powers of resistance ; and, by modifying the details of his experi- 
ments, he was able to meet various objections of Needham. 

Despite this good work, the advocates of spontaneous <renera- 
tmn were never really silenced ; and the widespread belief" in the 
inconstancy ot species in Protista added a certain amount of 
credibility to their cause. In 1845 Pineau put forward liese 
most strongly; and from 1858 to 1864 they were 
support ( >y the elder Pouchet. Louis Pasteur, who bewail 

thato! n' WilS from “ st,ul >' of i,koh °lic fermentation 

ais,ie He‘ T U Tu °‘ fein,e,,Uti0 » of putrefaction ami 
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commonly used in “pure cultures” ot ti } ^ allan k ,eine,lt > so 
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01 on the sides of the tube : in neither case did living organisms 
appeal, even after the lapse of months. Other observers suc- 
ceeded in showing that the forms and characters of species were 
as constant as in Higher Animals and Plants, allowing, of course, 
foi such regular metamorphoses as occur in Insects, or alter- 
nations of generations paralleled in Tapeworms and Polypes. 
1 he regular sequences of such alternations and metamorphoses 
constitute, indeed, a strong support of the " germ-theory” — the 
view that all Protista arise from pre-existing germs. It is to 
the Rev. W . H. Dal linger and the late Dr. Charles Drysdale 
that we owe the first complete records of such complex life- 
histoiies in the Protozoa as are presented by the minute 
flagellates which infest putrefying liquids (see below, p. 116 f.). 
The still lower Schizomyeetes, the “ microbes” of common speech, 
have also been proved by the labours of Ferdinand Cohn, von 
Koch, and their numerous disciples, to have the same specific 
constancy in consecutive generations, as we now know, thanks 
to the methods first devised by De Bary for the study of Fungi, 

and improved and elaborated by von Koch and his school of 
bacteriologists. 

And so to-day the principle “ omne vivum ex vivo ” is 
universally accepted by men of science. Of the ultimate origin 
of oi ganic life from inorganic life we have not the faintest 
inkling. If it took place in the remote past, it has not been 
accomplished to the knowledge of man in the history of scientific 
expeiience, and does not seem likely to be fulfilled in the 
immediate or even in the proximate future. 1 
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of r 'arums metabolism , formed of a single cell or 
a colony of scarcely differentiated cells, whose organs 
differentiations of the protoplasm and its secretions 
; not composed of differentiated multicellular tissues 


‘ Dr. H. Charlton Bastian has recently maintained a contrary thesis (The 
Nature and Orujut of Uvin., Matter, 1905), but has adduced no evidence likely to 
con vmeo any one fanuhar with the continuous life-study of the lower organisms. 

The terms ' organon!.' “organella,” have been introduced to designate a 
•h funtc portion ofa Pro., at «,.ec,ali.sed for a definite function : the term “ organ " 


II 


HISTORY 


4 5 


liul ini' 


This definition, as we have seen, excludes Metazoa unc 
Mesozoa, Vol. II. p. 92) sharply from Protozoa, hut leaves an un- 
certain boundary on the botanical side; and, as svstematists 
share with nations the desire to extend their sphere of influence, 
we shall here follow the lead of other zoologists and include many 

O V 

beings that every botanist would claim for Ins own realm. Our 
present knowledge of the Protozoa has indeed been largely 
extended by botanists, 1 while the study of protoplasmic physiology 
has only passed from their fostering care into the domain of 
General Biology within the last decade. The study of the 
Protozoa is little more than two centuries old, dating from the 
school of microscopists of whom the Dutchman Leeuwenhoek is 
the chief representative : and we English may feel a just pride in 
the fact that his most important publications are to be found in 
the early records of our own Royal Society. 

Baker, in the eighteenth century, and the younger "Wallich, 
Carter, Dallinger and Drysdale, Archer, Saville Kent, Lankester, 
and Huxley, in the last half-century, are our most illustrious names. 
In f ranee, Joblot, almost as an amateur, like our own Baker, 
flourished in the early part of the eighteenth century. Dujardin 
in the middle of the same century by his study of protoplasm, or 
sarcode as he termed it, did a great work in laying the founda- 
tions of our present ideas, while Balbiani, Georges Pouchet, 
Fabre-Domergue, Maupas, Leger, and Labbe in France, have 
worthily continued and extended the Gallic traditions of exact 
observation and careful deduction. Otto Friedrich Muller, the 
Dane, in the eighteenth century, was a pioneer in the exact 
study and description of a large number of forms of these, 
as of other microscopic forms of life. The Swiss collaborators! 
Claparede and Lachmann, in the middle of the nineteenth 
century, added many facts and many descriptions ; and illus- 
trated them by most valuable figures of the highest merit 
from every point of view. Germany, with her large population 
of students and her numerous universities, has given many names 
to our list ; among these, Ehrenberg and von Stein have added 

M:;^ eS r Ve(1 u f0 7 Simi,arly s P ecialii *d group orcells or tissues in a Metazoon or 
n ! ' * l V 10t consider that this distinction warrants the introduction of 

chords into the terminology of general Zoology, however convenient these may 
be in an essay on the particular question involved. 

f i M * ,s ^ las ^ ieen es l >eciall y the case with the Flagellata, the Proteomyxa, and 
the M veetozoa. J ’ 
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the largest number of species to the roll. Khrenlterg about 1840 
described, indeed, an enormous number of forms with much care, 
<ind m detail far too elaborate for the powers of the microscope 
ot that date : so that he was led into errors, many and grave, 
which he never admitted down to the close of a long and honoured 
lie. Max Nehultze did much good work on the Protozoa, as well 
as on the tissues of the Metazoa, and largely advanced our con- 
ceptions of protoplasm. His work was continued in Germany by 
brnst IPieckel, who systematised our knowledge of the Radiolaria, 
Greeff, Richard Hertwig, Fritz Schaudinn, and especially Biitsehli, 
who contributed to Bronn’s Thin- -Reich a monograph of monu- 
mental conception and scope, and of admirable execution, on 
which we have freely drawn. Cienkowsky, a Russian, and James- 

,1a, and Leid y> both Americans, liave made contributions of 
high quality. 

La likes ter s aiticle in the E iiey eloper d ia Britannica was of 
epoch-making quality in its philosophical breadth of thought. 

Delage and Herouard liave given a full account of the Protozoa 
in their Truitt de Zooluijie Contrite, vol. i. (189G); and A. Lang’s 
monograph in his Verrjleichendc Anatomic, 2nd ed. (1 901), contains 
an admirable analysis of their general structure, habits, and life- 
eye es, together with full descriptions of we 11 -selected types. 
Calkins has monographed “The Protozoa” in the Columbia 
University Biological series (1901). These works of Biitsehli, 
e ,l & > ^ang, and Calkins contain full bibliographies. Doflcin 
has published a most valuable systematic review of the Protozoa 
parasitic on animals under the title Die Protozuen als Parasi ten 
und Krankheiiserreger (1901); and Sehaudinn's Archivfiir 
1 rotistenkunde, commenced only four years ago, already forms 
an indispensable collection of facts and views. 

Ihe protoplasm of the Protozoa (see p. 5 f.) varies greatly in 
consistency and in differentiation. Its outer layer may be 
0 ianular and scarcely altered in Proteomyxa, the true Myxo- 
mycetes, Filosa, Heliozoa, Radiolaria, Foraminifera, etc.; it 
is clear and glassy in the Lobose Rhizopods and the Acrasieae ; 
it is continuous with a firm but delicate superficial pellicle of 
membranous character in most Flagellates and Infusoria ; and tl.is 
pellicle may again be consolidated and locally thickened in some 
members of both groups so as to form a coat of mail, even with 
definite spines ami hardened polygonal plates (CoUps, Fig. 54, 
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p. 150). Again, it may form transitory or more or less permanent 
pseudopodia, 1 (1) blunt or tapering and distinct, with a hyaline 
outer layer, or (2) granular and pointed, radiating and more or 
less permanent, or (*■>) branching and fusing where they meet into 
networks or perforated membranes. Cilia or llagella are motile 
thread-like processes of active protoplasm which perforate the 
pellicle; they maybe combined into flattened platelets or firm 
rods, or transformed into coarse bristles or line motionless sense- 
hairs. The skeletons of the Protozoa, foreign to the cytoplasm, 
will be treated of under the several groups. 

Most ol the fresh-water and brackish forms (and some marine 

ones) possess one or more contractile vacuoles, often in relation 

t° Jl more or less complex system of spaces or canals in Flagel- 
lates and Ciliates. 

1 he Geographical Distribution of Protozoa is remarkable for 
the wide, nay cosmopolitan, distribution of the terrestrial and 
tiesh-water forms; - they owe this to their power of forming 
cysts, within which they resist drought, and can be disseminated 
as dust. Mery few of them can multiply at a temperature 
approaching freezing-point; the Dinoflagella tes can, however, and 
therefore present Alpine and Arctic forms. The majority breed 
most freely at summer temperatures; and, occurring in small 
pools, can thus achieve their full development in such as are 
heated by the sun during the long Arctic day as readily as in 
the 1 ropics. In infusions of decaying matter, the first to appear 
are those that feed on bacteria, the essential organisms of 
putrefaction. These, again, are quickly followed and preyed 
upon by carnivorous species, which prefer liquids less highly 
char K e d w,tl, organic matters, and do not appear until The 
liquid, hitherto cloudy, has begun to clear. Tims we have 
rather to do with “habitat” than with “geographical distri- 

‘V protoplasm 
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butiou, ” just as with the fresh-water Turlndlariii and tlie Bo titers 
(vol. ii. pp. 4 f., 226 f.). We can distinguish in fresh-water, as in 
marine Protista, “ littoral ” species living near the bank, among 
the weeds; “plankton/’ floating at or near the surface; “zonal” 
species dwelling at various depths ; and “ bottom-dwellers,” mostly 
“ liinicolous ” (or “sapropelic,” as Lauterborn terms them), and to 
be found among the bottom ooze. Many species are “ epiphytic ” 
or “ epizoic,” dwelling on plants or animals, and sometimes choice 
enough in their preference of a single genus or species as host. 
Others again are “ moss-dwellers,” living among the root-hairs 
of mosses and the like, or even “ terrestrial ” and inhabiting 
damp earth. The Sporozoa are internal parasites of animals, 
and so are many Flagellates, while many Proteomyxa are 
parasitic in plant-cells. The Foraminifera (with the exception 
of most Allogromidiaceae) are marine, and so are the Badiolaria ; 
while most Heliozoa inhabit fresh water. Concerning the dis- 
tribution in time we shall speak under the last two groups, the 
only ones whose skeletons have left fossil remains. 

Classification. — The classification of the Protozoa is no easy 
task. We omit here, for obvious reasons, the unmistakable 
Plant Protists that have a holophytic or saprophytic nutrition ; 
that are, with the exception of a short period of locomotion in 
the young reproductive cells, permanently surrounded with a 
wall of cellulose or fungus-cellulose, and that multiply and grow 


freely in this encysted state : to these consequently we relegate 
the Chytridieae, which are so closely allied to the Proteomyxa 
and the Phycomycetous Fungi ; and the Confervaceae, which in 
the resting state form tubular or flattened aggregates and 
are allied to the green Flagellates ; besides the Schizophyta. 
At the opposite pole stand the Infusoria in the strict sense, 
with the most highly differentiated organisation found in our 
group, culminating in the possession of a nuclear apparatus with 
nuclei of two kinds, and exhibiting a peculiar form of conjugation, 
in which the nuclear apparatus is reorganised. The Sporozoa are 
clearly marked off as parasites in living animals, which mostly 
begin life as sickle-shaped cells and have always at least two 
alternating modes of brood-formation, the first giving rise to 
aplanospores, wherein is formed the second brood of sickle- 
shaped, wriggling zoospores. The remainder, comprising the 
Sarcodina, or Riuzopoda in the old wide sense (including all 
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that move by pseudopodia during the great part of their 
active life), and the Flagellata in the widest sense, are 
not easy to split up: for many of the former have flagellate 
reproductive cells, and many of the latter can emit pseudopodia 
with or without the simultaneous retraction of their flagella. 
1 he Radiolaria are well defined by the presence in tin* 
body plasm of a central capsule marking it off into a 
central and a peripheral portion, the former containing the 
nucleus, the latter emitting the pseudopodia. Again, on the 
other hand, we find that we can separate as Flagellata in the 
strict sense the not very natural assemblage of those Protista 
that have flagella as their principle organs of movement or nutri- 
tion during the greater part of their active life. The remaining 
gioups (which with the Padiolaria compose the Sarcodina of 
Biitschli), are the most difficult to treat. The Rhizopoda, as we 
shall limit them, are naked or possess a simple shell, never of 
calcium carbonate, have pseudopodia that never radiate abundantly 
nor branch freely, nor coalesce to form plasmatic networks, nor 
possess an axial rod of firmer substance. The Foraminifera 
lave a shell, usually of calcium carbonate, their pseudopodia 
aie freely reticulated, at least towards the base; and (with the 
exception of a few simple forms) all are marine. The Mycetozoa 
arc c ear y united by their tendency to aggregate more or less 
completely into complex resting-groups (fructifications), and by 
ie producing by unicellular zoospores, flagellate or amoeboid, which 

their f° Wn \° ^ The Heliozoa resemble the Kadiolaria 
m their fine radiating pseudopodia, but have an axial filament 

always present in each, and lack the central capsule ; and are for 

the most part, fresh-water forms. Finally, the Proteomyxa 

WtwLu The Hel! Umber Rh” ra 'T '“ i ” g8 which ate i-tm.edkte 
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hrnnH X h ’ u Ior Uie mosfc part reproducing bv 
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A. Pseudopodia the principal means of locomotion and feeding ; flagella 

absent or transitory . . . . I. Sarcodina 

(1) Plastogamy only leading to an increase in size, never to the forma- 

tion of “ fructifications.” 

(а) Pseudopodia never freely coalescing into a network nor fine to 

the base ..... Rhizopoda. 

(*) Ectoplasm clear, free from grannies ; pseudopodia, usually 
blunt .... Rhizopoda Lobosa 
(**) Ectoplasm finely granular ; pseudopodia slender, branching, 
but not forming a network, passing into the body by 
basal dilatation . . . Rhizopoda Filosa 

(б) Pseudopodia branching freely and coalescing to form networks ; 

ectoplasm granular ; test usually calcareous or sandy 

Foraminifera 

(c) Pseudopodia fine to the very base ; radiating, rarely coalescing. 

(i.) Pseudopodia with a central filament . Heuozoa 

(ii.) Pseudopodia without a central filament. 

(*) Body divided into a central and a peripheral part by a 
“ central capsule ” . . Radiolaria 

(*•*) Body without a central capsule . Proteomyxa 

(2) Cells aggregating or fusing into plasmodia before forming a complex 

“ fructification ” . . . . . Mycetozoa 

B. Cells usually moving by “ euglenoid ” wriggling or by excretion of a trail 

of viscid matter ; reproduction by alternating modes of brood-forma- 
tion, rarely by Spencerian fission . . .II. Sporozoa 

C. Flagella (rarely numerous) the chief or only means of motion and 

feeding ..... III. Flagellata 

D. Cilia the chief organs of motion, in the young state at least ; nuclei 

of two kinds . IV. Infusoria 


CHAPTER III 

PROTOZOA ( CO XT I XU ED) : SARCODINA 


I. Sarcodina. 
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Ehr. ; Dijflugia , Leclereq; Lecqueureusia, Schlumberger ; Hyalosphenia , 
Stein; Quadrula , F. E. Sell.; Heleopera , Leidy ; Podostoma , Cl. and L. ; 
Arcuothrix, Hallez. 

II. Ectoplasm undifferentiated, containing moving granules ; pseudopodia 

branching freely towards the tips .... Filosa 
Euglypha , Duj. ; Paulinella , Lauterb. ; Cyphoderia , Sell lu mb. ; 
Campascus , Leidy ; Chlamydophrys , Cienk. ; Grrnnia , Duj. = Hyalopus, 
M. Sell. 

We have defined this group mainly by negative characters, as 
such are the only means for their differentiation from the remain- 
ing Sarcodina ; and indeed from Flagellata, since in this group 
zoospores are sometimes formed which possess flagella. More- 
over, indeed, in a few of this group (. Podostoma , Arcuothrix ), its 
in someMleliozoa, the flagellum or flagella may persist or be 
reproduced side by side with the pseudopodia. The subdivision of 
the Rhizopoda is again a matter of great difficulty', the characters 
presented being so mixed up that it is hard to choose : however, 
the character of the outer layer of the cytoplasm is perhaps the 
most obvious to select. In Lobosa there is a clear layer of 
ectosarc, which appears to be of a greasy nature at its surface 
film, so that it is not wetted. In the Filosa, as in most other 
Sarcodina, this film is absent, and the ectoplasm is not marked 
off from the endoplasm, and may have a granular surface. Corre- 
sponding to this, the pseudopodia of the Lobosa are usually 
blunt, never branching and fraying out, as it were, at the tip, 
as in the Filosa ; nay, in the normal movements of Amoeba Umax 
(Fig. 1, p. 5) the front of the cell forms one gigantic pseudopodium, 
which constantly glides forward. Apart from this distinction 
the two groups are parallel in almost every respect. 

There may be a single contractile vacuole, or a plurality ; or 
none, especially in marine and endoparasitic species. The nucleus 
may remain single or multiply without inducing fission, thus 
leading to apocytial forms. It often gives off “ chromidial ” 
fragments, which may play an important part in reproduction. 1 
In Amoeba binucleata there are constantly two nuclei, both of which 
divide as an antecedent to fission, each giving a separate nucleus 
to either daughter-cell. Pelomyxa palustris, the giant of the group, 
attaining a diameter of 1'" (2 mm.), has very blunt pseudopodia, 
an enormous number of nuclei, and no contractile vacuole, though 

1 The significance of chromidia in Sarcodina (first noted by Schaudinn in Fora- 
minifera) was fully recognised and generalised by R. Hertwig in Arch. Protist. 
i. 1902, p. 1. 
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It is a fresh-water dweller, living in the bottom ooze of ponds 
ete., richly charged with organic debris. It is remarkable also 
for containing symbiotic bacteria, and brilliant vesicles with a 
distinct membranous wall, containing a solution of glycogen. 1 
lew, if any, of the Filosa are recorded as plurimiclear. 

The simplest Lobosa have no investment, nor indeed any 
distinction of front or back. In some forms of Amoeba, how- 
ever, the hinder part is more adhesive, and may assume the form 
of a sucker-like disc, or be drawn into a tuft of short filaments 

0 f ) V ‘ ! 1 1 ’ to whlch Particles adhere. Other spec ies of Lobosa and 
all Filosa have a “ test,” or “theca,” U. an investment distinct 
from he outermost layer of the cell-body. The simplest cases 
J; ' )Se , 0t -Amplnzonella, Dinamoeba, and Trichotphamum 
eie this is gelatinous, and in the two former allows the passage 

hk t.t P ' : \ thr ° Ugh 11 inl ° the b0d >' mere sinking in 

s perforated by numerous pores of Instant position for the 

anTifthe “A 6 " f eUd ° P ° dla ’ closin 8 wh ™ these are retracted ; 
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™°" we call thi, openi,,,. „ ot tll . J utk bu , tlle . ’1 “ l 

pseudopodia to the one pylomic aZZZ But tl' 6 l 1 ”?! 4 ? 111011 of tl,e 
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some other genera, it has the power o l 1 1 Like 

enable it to float up to the surfad Vh,? 8 80 as to 

test shows minute hexagonal K ,., 1 the water. The chitinous 
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° f SlllCeous chitinous plates, 
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formed in the cytoplasm in the neighbourhood of the nucleus, 
and connected by chitinous cement. Among these Quadrula 
(Fig. 10, A) is Lobose, with square plates, Evcjhjpha (Fig. 8, 



Fia. 9 # — Trichosjfhaeriv.m sieboldii. 1, Adult of “A form ; 2, its multiplication by 
fission and gemmation; 3, resolution into 1 -nucleate amoeboid zoospores; 4, 
development (from zoospores of “A”) into “ B ” form (5) ; 6, its multiplication by 
fission and gemmation ; 7, its resolution after nuclear bipartition into minute 
2-Hagellate zoospores or (exogametes) ; 8, liberation of gametes ; 9, 10, more highly 
magnified pairing of gametes of different origin; 11, 12, zygote developing into 
“ A ” form. (After Schaudinn.) 

p. 29), and Pavlindla 1 are Filose, with hexagonal plates. In 
the latter they are in five longitudinal rows, with a pentagonal 
oral plate, perforated by the oval pylome. In other genera 
again, such as Cyphoderia (Filosa), the plates are merely chiti- 

1 This genus contains two sausage-shaped, blueish green plastids, j»ossibly sym- 
biotic Cyanophyceous Algae. 
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nous. Again, the shell may he encrusted with sand-grains derived 

directly from without, or from ingested particles, ' as shown in 

Centropyxis, Difflngia (Fig. 10, D). Hcbopera , and Comptm-us 

when supplied with powdered glass instead of sand. The 

cement in DijJluyia is a sort of organic mortar, infiltrated 

with ferric oxide (more probably ferric hydrate). In Lccnvm- 

r " ,sia Vtmlis (formerly united with Dijfhiyur) the test is formed 
ot minute sail sage- shaped 

granules, in which may be 
identified the partly dis- 
solved valves of Diatoms 
taken as food ; it is spir- 
ally twisted at the apex, 
as it it had enlarged after 
its first formation, a very 
rare occurrence in this 
group. The most frequent 
mode of fission in the tes- 
taceous lthizopods (Tigs. 

8, 1 0) is what Schaudinn 

aptly terms “bud-fission,” 

where halt the protoplasm 
protrudes and accumu- 
lates at the mouth of the 
shell, and remains till a 
test has formed for it, 
while the other half re- 
tains the test of the 
original animal. The 
materials for the shell 

=£21 
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Fig. 10. --Test -bearing Rhizopocls. A, Quadntf 
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Reproduction by fission lias been clearly made out in most 
members of the group ; some of the multinucleate species often 
abstrict a portion, sometimes at several points simultaneously, 
so that fission here passes into budding 1 (Fig. 9, 2 , 6). 

Brood-division, either by resolution in the multinucleate 
species, or preceded by multiple nuclear division in the habitually 

1 - nucleate, though presumably a necessary incident in the life- 
history of every species, has only been seen, or at least thoroughly 
worked out, in a few cases, where it is usually preceded by 
encystment, and mostly by the extrusion into the cyst of any 
undigested matter. 2 

In Trichosphaerium (Fig. 9) the cycle described by Schaudinn 
is very complex, and may be divided into two phases, which we 
may term the A and the B subcycles. The members of the A 
cycle are distinguished by the gelatinous investment being armed 
with radial spicules, which are absent from the B form. The 
close of the A cycle is marked by the large multinucleate body 
resolving itself into amoeboid zoospores (3), which escape from 
the gelatinous test, and develop into the large multinucleate 

adults of the B form. These, like the A form, may reproduce by 
fission or budding. At the term of growth, however, they 

retract their pseudopodia, expel the excreta, and multiply their 

nuclei by mitosis (7). Then the body is resolved into minute 

2 - flagellate microzoospores (8), which are exogamous gametes, 

i.e. they will only pair with similar zoospores from another 

cyst. The zygote (9-11) resulting from this conjugation is 
a minute amoeboid ; its nucleus divides repeatedly, a gelatinous 
test is formed within which the spicules appear, and so 
the A form is reconstituted. In many of the test-bearing 
forms, whether Lobose or Filose, plastogamic unions occur, and 
the two nuclei may remain distinct, leading to plurinucleate 
monsters in their offspring by fission, or they may fuse and form 
a giant nucleus, a process which has here no relation to normal 
syngamy, as it is not associated with any marked change in the 
alternation of feeding and fission, etc. In Trichosphaerium also 
plastogamic unions between small individuals have for their only 
result the increase of size, enabling the produce to deal with 

1 See Lauterbom in Z. vri*s. Zool. lix. 1895, j>p. 167, 537. 

2 C. Scheel has seen Amoeba protcus produce a brood of 500-600 young 
amoebulae, which he reared to full size (in Fcstschr. /. Kupffer , 1899). 
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larger prey. Temporary encystment in a “ hypnocyst ” is not 
infrequent in both naked and shelled species, and enables them 
to tide over drought and other unfavourable conditions. 

Schaudinn has discovered and worked out true syngamic 
processes, some bisexual, some exogainous, in several other Rhizo- 
pods. In Chlamydophrys stercorea the pairing-cells are equal, 
and aie formed by the aggregation of the chromidia into minute 
nuclei around which the greater part of the cytoplasm aggre- 
gates, while the old nucleus (with a little cvtoplasm) is °lost 
These brood-cells are 2 -flagellate pairing -cells, which aie 
exogamous : the zygote is a brown cyst ; if this be swallowed by 
a mammal, the original Chlamydophrys appears in its faeces. 1 

Centropyxis aculeata, a species very common in mud or moss, 
allied to Biffluyic, also forms a brood by aggregation around 
nuclei derived from chromidia. The brood-cells are amoeboid 
and secrete hemispherical shells like those of A reel /a ; some first 
divide into four smaller ones, before secreting the shell. Pairing 
takes place between the large and the small forms ; and the 

and' L e 7 y T\ GekS ° r m ° nths afterward « the cyst opens 

Amoeba coh produces its zygote in a way recalling that of 
Achnosphaenum (pp. 73-75, Fig. 21): the cell enevsts • its 
nucleus divides and each daughter divides again into two which 
fuse reciprocally. Thus the cyst contains two zygote nudei 
tei a time each of these divides twice, so that the^ mature c V st 
ccm a'us eight nuclei. Probably when swallowed Z anotle 

eieht r ng “ 

»nd bi.emol, ,„d endogamy both “l"" 1 

t r°? ■» 

mud-dwellers (many species of Am 7 ’ are Sil P ro P ellc ” or 

»«'»• frequent the '™ t , of IT* ^ 

found as a harmless denizen of the ' l. ^ C -° h 18 ° ften 
Amoeha histolytica latelv distin ■ i , rg<? lntestlne of man. 
dinn, is the caul of’ troptl dytnC It ^ 

way into j'iS". r “ d nmki " 8 

uier organs. Chlamydophrys stercorea is found in the 

1 Arb. Kais. OesurulheitsarUe Berlin, six. 1903 
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faeces of several mammals. The best monograph of this group 
is that of Penard . 1 


2. Foraminifera 2 

Sarcodina with no central capsule or distinction of ectosarc ; 
the pseudopodia fine , branching freely , and fusing where they meet 
to form protoplasmic networks , or the outermost in the pelagic 
forms radiating , but without a centred or axial filament : some- 
times dimorphic , reproducing by fission and by rhizopod or 
flagellate germs in the few cases thoroughly investigated : all marine 
(with the exception of some of the Allogromidiaceae'), and usually 
provided with a test of carbonate of lime (“ vitreous ” cedcite, or 
“ porcellanous” aragonite l'), or of cemented particles of sand 
(“ arenaceous ”) ; test -wall continuous , or with the walls perforated 
by minute pores or interstices for the protrusion of pseudopodia. 

The classification of Carpenter (into Vitreous or Perforate y 
Porcellanous or Imperforate , and Arenaceous ), according to the 
structure of the shell, had proved too artificial to be used by 
Brady in the great Monograph of the Foraminifera collected by the 
“ Challenger ” Expedition , 3 and has been modified by him and others 
since then. We reproduce Lister’s account of Brady’s classifica- 
tion . 4 We must, however, warn the tyro that its characterisations 
are not definitions (a feature of all other recent systems), for rigid 
definitions are impossible : here as in the case, for instance, of 
many Natural Orders of Plants, transitional forms making the 
establishment of absolute boundaries out of the cpiestion. In 
the following classification we do not think it, therefore, necessary 
to complete the characterisations by noting the extremes of 
variation within the orders : — 

J. Allogromidiaceae : simple forms, often fresh -water and similar to Rhizo- 
poda ; test 0, or chitinous, gelatinous, or formed of cemented particles, whether 
secreted platelets or ingested granules. Biomyxa , Leidy = Gymnophrys , Cienk. ; 


1 Faune Rhizopodique du Bassin du L&nan, 1902. See also Cash, The British 
Freshwater RKizopoda and Ueliozoa , vol. i., Ray Society, 1905. 

a Chapman, The Foraminifera , London, 1902; Lister, “ Foraminifera ” in Lan* 
kester’s Treatise on Zoology , pt. i. fasc. 2, 1903. 

3 Challenger Reports ( Zool . ), vol. ix. 1884. 

4 In Lankester’s Treat. Zool. pt. i. fasc. 1. For other classifications see Einier 
and Fickert in Z. wiss. Zool. lxv. 1899 ; Rhumbler in Lang’s Protozoa , 1901 ; 
and for a full synopsis of genera and sj»ecies, “ Systcmatische Zusanmienstellung 
der recenten Reticulosae ” (pt. i. only), in Arch. Prot. iii. 1903-4, p. 181. 
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Diaphorodon , Archer; Allotjromia , Rhumbl. ( = Gromia^ auctt. 1 nee Duj. 
(Fig. 14, 1) ; Lieberkiihnia, Cl. and Lachni. (Fig. 12); Microyromia, R. Hertw. 
(Fig. 11); Pamphagus , Bailey. 

J2. Astrorhizidaceae : test arenaceous, often large, never truly chambered, 
or if so, asymmetrical. Astrorhiza , Sandahl ; Haliphysema, Bowerb. ; Sar- 
cammina , M. Sars (Fig. 13, 1); Loftusia , Brady. 

3. Lituolidaceae : test arenaceous, often symmetrical or regularly spiral, 
isomorphous with calcareous forms: the chambers when old often “labyrin- 
thine” by the ingrowth of wall-material. Lit aula , Lam. ; /iVop/m.r, Montf. ; 
AmmodiscuSy Reuss ; Trochammina , Parker and Jetfreys. 

4. Miliolidaceae : test porcellanous, imperforate, spirally coiled or cyclic, 
olten chambered except in Cornuspira : simple in Squamulina. Corn aspira. 
Max Sell.; PeneropliSy Montf.; Miliolina , Lam. (inch Bilocidina (Fig. 15), 
Triloculinay Quinqueloculina (Figs. 14,4; 15, B), Spiruloculina (Fig. 13,5) 
of d’Orb.); Alveoli nay d Orb. ; ]{<tnerina, d’Orb. ; CalcituLa, Roboz ; OrbitnliteSy 
Lim. ; Orbicuhnciy Lam. ; Alveolina, Park, and Jeffr. ; JY ubecularidy Def. ; 
Squamulinay Max Sell. (Fig. 14, 3). 

5. Textulariaceae : test calcareous, hyaline, perfo rated ; chambers increasing 
in size in two alternating rows, or three, or passing into a spiral. Textularia , 
Def. ; Buliminay d’Orb. ; Cassidulindy d’Orb. 

6. Cheilostomellaceae : test vitreous, delicate, finely perforated, chambered, 
isomorphic with the spiral forms of the Miliolidaceae. Cheilostomellay Reuss. 

7. Lagenaceae : lest vitreous, very finely perforate, chambers with a 
distinct pylome projecting (ectoselonial), or turned in (entosolenial), often 
succeeding to form a necklace-like shell. Loyendy Walker and Boys (Fig. 1 3 2) • 
Nodosandy Lain. (Fig. 13, 3); CristelUiridy Urn.; FrondiculaHdy Def. (Fig! 
13, 4) ; Pohymorphnidy Lam.; liamulina, Wright. 

8. Globigerinidae : test vitreous, perforate ; chambers few, dilated, and 
arranged in a fiat or conical spiral, usually with a crescentic pylome to 

nli 1 ' G J° M y er ™ a d>0rb F3, 6 ; 16, 2) ; Hastigerina , Wyv/ Thoms. ; 

Orbulindy d’Orb (Fig. 16, 1). 

9. Ilotal laceae ; test vitreous, perforate, usually a conical spiral (like a 

snail), chambers often subdivided into chamberlets, and with a proper wall 
■"; d m t ermed ‘ate skeleton traversed by canals. Rut alia, Lam. (Fig 14, 2) ■ 
Planorbuhna, d’Orb. (Fig. 1 3, 9) ; Polytrema, R i8so ; Rpirillina Khr (non 
septate) ; Patellina , Will.; JJitcorbina, P. and J (Fig 13 7) ’ 

wbnf 11Ogr0n ( i , diaCea ! are a Well ' niarke<1 ilnd distinct order, on 
?"° le reS 7’ Jm « the Ehi “Poda F.losa, and are often found 
v th them in fresh water, while all other Foraminifera are marine 

shell yP i genUS ’ AUmjr °™ a (V 'Z- 14 - !), has an oval chitinous 

sneii. Micro gromia socialis ( Ficr ini 5 v , • 

f i , * v ri o- 1S otten ioiuul in a<xin*e <r ates 

““ T" “ f -W*— wlmr tl.ey „«t“ into l 

m- '* * «*•*■*« **«**, 
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common network. This is due to the fact that one of the two 
c aughter-eells at each fission, that does not retain the parent shell 
remains in connexion with its sister that does : sometimes, how- 
evei, it retracts its pseudopodia, except two which become flagella 
wherewith it can swim off. The test of Pamphagus is a mere 

the 'h d 1 LleherMhnia C Fi «- 12) it is hardly that; though 
the body does not give off the fine pseudopodia directly, but emits 

a thick process or “ stylopodium ” 1 comparable to the protoplasm 

pro ruded through the pylome of its better protected allies; and 

m this, which often stretches back parallel to the elongated body, 



Fig. 1 1 .—Microgromia aocialis. A, entire colony ; B, single zooid ; C, zooid which has 
undergone binary fission, with one of the daughter-cells creeping out of the shell • 

?nl H gC U n ff W M C ? n ^ ,aCt, i e r VaCUOle ; 71 U ’ nucleus J sk y shell. (From Parker 
and Haswell, after Hertwig and Lesser. ) ' 


the reticulum of pseudopodia is emitted. IHaphorodon has a 

shell recalling that of Difflugia (Fig. 10, D, p. 55), formed of sandy 

fragments, but with interstices between them through which as 

well as through the two pylomes the pseudopodia pass. In all 

of these the shell is formed as in the Rhizopods once for all, and 

does not grow afterwards; and the fresh-water forms, which 

are the majority, have one or more contractile vacuoles; in 

Allogromia they are very numerous, scattered on the expanded 
protoplasmic network. 

The remaining marine families may all be treated of generally 
before noting their special character Their marine habitat 
is variable, but in most cases restricted. A few extend up the 
brackish water of estuaries: a large number are found between tide- 

’ This conv eniei.t name ia due to my friend Dr. A. Ken.n, of Antwerp. 

jUJI • K !»‘ WEft- ”Y j 
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marks, or on the so-called littoral shelf extending to deep water ; 
they are for the most part adherent to seaweeds, or lie among 
sand or on the mud. Other forms, again, are pelagic, such as 
Globigerina (Figs. 13, 6, 16, 17) and its allies, and tloat as part 
of the plankton, having the surface of their shells -ertFncted by 
delicate spines, their pseudopodia long and radiating, and the outer 



p, °- 

part of their cytoplasm richly vacuolated (« alveolate ”) and pro 
bably containing a liquid lighter than sea water, as in the Eadiokria 
Even these, after their death and the decay of the protoplasm' 

fall) 8 lnd th b0tt0m . (1 ° Sing the fine S P ines lj y elution as they 
fall and they accumulate there, to form a light oozy mud, the 

acid und na "°° Ze geographers, at depths where the carbonic 

S Leol , adeqUate to disso1 ^ the more solid 

calcareous matter. Grey Chalk is such an ooze, consolidated by 
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the lapse of time and the pressure of superincumbent layers. 
Some Forarainifera live on the sea bottom even at the greatest 
depths, and of course their shell is not composed of calcareous 
matter. Foraminifera may be obtained for examination by care- 
fully washing sand or mud, collected on the beach at different levels 
between tide-marks, or from dredgings, or by carefully search- 
ing the surface of seaweeds, or by washing their roots, or, again, 
by the surface or deep-sea tow-net. The sand used to weight 
sponges for sale is the ready source of a large number of 
forms, and may be obtained for the asking from the sponge- 
dealers to whom it is a useless waste product. If this sand is 
dried in an oven, and then poured into water, the empty shells, 
tilled with air, will float to the surface, and may be sorted by 
fine silk or wire gauze. 

From the resemblance of the shells of many of them to the 
Nautilus they were at first described as minute Cephalopods, or 
Cuttlefish, by d’Orbigny, 1 and their true nature was only elucidated 
in the last century by the labours of Williamson, Carpenter, 
Dujardin, and Max Schultze. At first they possess only one 
nucleus, but in the adult stage may become plurinucleate 
without dividing, and this is especially the case in the “ micro- 
sphaeric” states exhibited by many of those with a complex 
shell ; the nucleus is apt to give off fragments (chromidia) which 
lie scattered in the cytoplasm. At first, too, in all cases, the 
shell has but a single chamber, a state that persists through 
life in some. When the number of chambers increases, their 
number has no relation to that of the nuclei, which remains 
much smaller till brood-formation sets in. 

The shel 1-s u bstanc e^-i£-calcareou s . has one of the two types, 
porcellanous or vitreous, that we have already mentioned, but 
Polytrema , a form of very irregular shape, though freely 
perforated, is of a lovely pink colour. In the calcareous shells 
sandy particles may be intercalated, forming a transition to the 
Arenacea. In these the cement has an organic base associated 
with calcareous or ferruginous matter; in some, however, the 
cement is a phosphate of iron. The porcellanous shells are often 
deep brown by transmitted light. 

1 The name Foraminifera was used to express the fact that the chambers 
communicated by pores, not by a tubular siphon as in Nautiloidea and Ammonoidea 
(Vol. III. pp. 393, 396). 
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Despite the apparent uniformity of the protopla 
this group, the shell is infinitely varied in form. 


smie body in 

V 

As Carpenter 



2.Lagena 



4.Frondicularia 




5. Spiroloculina 



6.Clobigerina 



7. Discorbina 



s.sA 




9.Plan orbulina 




ll.Nummulitos 


F 10. 13 . Shells of J''o>avtin if era. In 3 4 a % u i r _ ol 

section ; 8a is a diagran, of a coilcd L cell without ' 8 . ‘ C S, T la f view * a,ul h a 
similar form with supplemental skeleton f« A" 1 skeleton ; 8/> of a 

whorls ; in lln half the shell is show*i in WiV 10ofa fonu overlapping 
«• aperture oTihe shell ; 1-15 successive chwJ* 1 Se , Ct J° M * b is a Vertical section ; 
iniui ‘ i tw <>i<iest <>r 

wrUes, in reference to the Arenacea, “ There is nothing more 

“t. the buiidi,,g u p ° f these eiab °™ te 

uc ures >) mere jelly-specks, presenting no traces 
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whatever of that definite organisation which we are accustomed 
to regard as necessary to the manifestations of conscious life. . . . 
The tests (shells) they construct when highly magnified bear 
comparison with the most skilful masonry of man. From 
the same sandy bottom one species picks up the coarsest quartz 
grains, unites them together with a ferruginous cement, and thus 
constructs a flask -shaped test, having a short neck and a single 
large orifice ; another picks up the finer grains and puts them 
together with the same cement into perfectly spherical tests of 
the most extraordinary finish, perforated with numerous small 
pores disposed at pretty regular intervals. Another species 
selects the minutest sand grains and the terminal portions of 
sponge-spicules, and works them up together — apparently with 
no cement at all, but by the mere laying of the spicules — into 
perfect white spheres like homoeopathic globules, each showing 
a single-fissured orifice. And another, which makes a straight, 
many-chambered test, the conical mouth of each chamber 
projecting into the cavity of the next, while forming the walls 
of its chambers of ordinary sand grains rather loosely held 
together, shapes the conical mouths of the chambers by firmly 
cementing together the quartz grains which border it.” The 
structure of the shell is indeed variable. The pylome may be 
single or represented by a row of holes ( Peneroplis , Orbitolites ), 
or, again, there may be several pylomes ( Calcitubci ) ; and, again, 
there are in addition numerous scattered pores for the protrusion 
of pseudopodia elsewhere than from the stylopodium, in the 
whole of the “ Vitrea ” and in many “ Arenacea ” ; and, as we 
shall see, this may exercise a marked influence on the structure 

of .the shell. 

In some cases the shell is simple, and in Cornuspira and 
Spirillina increases so as to have the form of a flat coiled tube. 
In Calcituba the shell branches irregularly in a dichotomous 
way, and the older parts break away as the seaweed on which 
they grow is eaten away, and fall to the bottom, while the 
younger branches go on growing and branching. The fallen 
pieces, if they light on living weed, attach themselves thereto 
and repeat the original growth ; if not, the protoplasm crawls 
out and finds a fresh weed and forms a new tube. In the 
“ Polythalamia ” new chambers are formed by the excess of the 
protoplasm emerging and surrounding itself with a shell. 
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organically united with the existing chamber or chambers, and 
in a space-relation which follows definite laws characteristic of 
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3. Squamulina 

Flo. 14. — Various c r, J,/,lWrt W M ™QHtlontlina) 
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cases the part of the previously existing chamber next the 
pylome serves as the hinder part of the new chamber, and the 
old pylome becomes the pore of communication. But in some of 
the “ Perforata ” each new chamber forms a complete wall of its 
own (“proper wall,” Fig. 13, sb) t and the space between the two 
adjacent walls is filled with an intermediate layer traversed by 
canals communicating with the cavities of the chambers 
(“ intermediate skeleton ”), while an external layer of the same 
character may form a continuous covering. The shell of the 
Perforata may be adorned with pittings or fine spines, which 
serve to increase the surface of support in such floating forms as 
Globigerina , Hastigerina, and the like (Fig. 17). In the 
“ Imperforata ” the outer layer is often ornamented with regular 
patterns of pits, prominences, etc., which are probably formed 
by a thin reflected external layer of protoplasm. In some of 
the “ Arenacea ” a “ labyrinthine ” complex of laminae is formed. 

A very remarkable point which has led to great confusion 
in the study of the Foraminifera. is the fact that the shell on 
which we base our characters of classification, may vary very 
much, even within the same individual. Thus in the genus 
Orbitolites the first few chambers of the shell have the character 
of a Milioline, in Orbicvlina of a Peneroplis. The arrangements 
of the Milioline shell, known as Triloculine, Quinqueloculine, and 
Biloculine respectively, may succeed one another in the same 
shell (Figs. 14 4 , 15). A shell may begin as a spiral and end 
by a straight continuation : again, the spherical Orbulina 
(Fig. 16 l) is formed as an investment to a shell indistinguish- 
able from Globigerina , which is ultimately absorbed. In 
some cases, as Rhumbler has pointed out, the more recent 
and higher development shows itself in the first formed 
chambers, while the later, younger chambers remain at a lowlier 
stage, as in the case of the spiral passing into a straight 
succession ; but the other cases we have cited show that this is 
not always the case. In Lagena (Fig. 1.3 2 ) the pylome is pro- 
duced into a short tube, which may protrude from the shell or be 
turned into it, so that for the latter form the genus Entosolenia was 
founded. Shells identical in minute sculpture are, however, found 
with either form of neck, and, moreover, the polythalamial shells 
(Nodosaria, Fig. 13 3 ), formed of a nearly straight succession of 
Lagena-hke chambers, may have these chambers with their com- 
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munitions on either type. Khumbler goes so far as to suggest 
that all so-called Lagena shells are either the first formed 
chamber of a Nodosaria which has not yet become polythalamian 
y the formation of younger ones, or are produced by the separation 
ot an adult Aodosaria into separate chambers. 

firstborn? T le t h r; iWa Sp6CieS 8h0W a remarka ble dimorphism, 
st noted by Schlumberger, and finally elucidated by J ,T 

Lister and Schaudinn. It reveals itself in the size ' of 'the 




» -r I. diuMnguished 

has always a plurality of nuclei thJ ^ micros Pheric form 
except at the approach of reproductin!" 6 ^ 8 ^ 6 ” 0 a sin § le one . 
lowever, present in both forms The 'life /‘. r ?“ ldl > 1 masses “re, 
worked out in Polystoraella by Schaudinn h°^ ^ full >' 

Polystoraella, Orbitolites, etc., by Lister and tlT ^ Part in 
appears to be general in the class at 1 1 v the 8ame sche me 

“oted occurs. The microsnhen f 1 where the dimorphism 

megalospheric, but the Utter ^ bU ' th 0nl ^ to 

broods, or give ri8 e to swa lr 

rmers, which by their (exogamous) 


68 


PROTOZOA 


CHAP. 


conjugation produce the microspheric young. The microspheric 
forms early become multinucleate, and have also numerous 
chromidia detached from the nuclei, which they ultimately replace. 
These collect in the outer part of the shell and aggregate into new 
nuclei, around which the cytoplasm concentrates, to separate 
into as many amoeboid young “ pseudopodiospores ” as there are 
nuclei. These escape from the shell or are liberated by its 



l 2 

Fia. 16. — 1, Orbulina universa. Highly magnified. 2, Globuierina bulloules. iligl'b 

magnified. (From Wyville Thomson, after d’Orbigny.) 


disintegration, and invest themselves with a shell to form the 
initial large central chamber or megalosphere. 

In the ordinary life of the megalospheric form the greater 
part of the chromatic matter is aggregated into a nucleus, some 
still remaining diffused. At the end of growth the nucleus itself 
disintegrates, and the chromidia concentrate into a number of 
small vesicular nuclei, each of which appropriates to itself a 
small surrounding zone of thick plasm and then divides by 
mitosis twice ; and the 4-nucleate cells so formed are resolved 
into as many 1 -nucleate, 2-flagellate swarmers, which conjugate 
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only exogamously} * The fusion of their nuclei takes place after 

some delay: ultimately the zygote nucleus divides into two, a 

shell is formed, and we have the microsphere, which is thus 

pluri-nucleate ab initio. As we have seen, the nuclei of the 

microsphere are ultimately replaced by chromidia, and the whole 

p asmic body divides into pseudopodiospores, which grow into the 
megalospheric form. 

v/ln the Perforate genera, Patellina and Discorbina, plastogamy 
precedes brood formation, the cytoplasms of the 2-5 pairing 
individuals contracting a close union ; and then the nuclei 
proceed to break up without fusion, while the cytoplasm 



a,*”' •»— - 


aggregates around the vounw nuclei t 
acquire a shell and separate Tn l amoebulae > which 

with a single nucleus corresnn r 01 CaS6S ifc is tbe ^ orms 
so pair, and the brood-formaLn ’hf ° 1M!fCllos V heric forms that 
as in these forms. Similar individ 1 the . same 

same way, in both genera without Th' T 7 re P roduee 'n the 
is therefore, though probably -,dvw P aSt ° ga,Ulc P airil 'g> which 
pseudopodiospores form their Shells “ 0t eBSenthil U 

may coalesce to form monsters as often h °" e an ° ther ’ the >’ 
The direct economic uses of 1 v ^ 

greater than those of any other * “ *° ramimfera are perhaps 
. W| . } } ° ther grm 'P °|_Pi'otozoa. The Chalk is 

liimself to tlle ear,ier of Li.stcr and of Schaudinn 

Prolist. i. 1902, |, i9 3 D ° l>1>ClSChale n v ‘ °riitoliUs u. and. Foraminiferen,” in Arch. 
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composed largely of Textularia and allied forms, mixed with the 
skeletons of Coccolithophoridae (pp. 113-114), known as Cocco- 
liths, etc. The Calcaire Grossier of Paris, used as a building 
stone, is mainly composed of the shells of Miliolines of Eocene 
age ; the Nummulites of the same age of the Mediterranean basin 
are the chief constituent of the stone of which the Pyramids of 
Egypt are built. Our own Oolitic limestones are composed of 
concretions around a central nucleus, which is often found to 
be a minute Foraminiferous shell. 

The palaeontology of the individual genera is treated of in 
Chapman’s and Lister’s recent works. They range from the 
Lower Cambrian characterised by perforated hyaline genera, 
such as Lagena , to the present day. Gigantic arenaceous forms, 
such as Loftusia , are among the Tertiary representatives ; but 
the limestones formed 'principally of their shells commence at 
the Carboniferous. The so-called Greensands contain greenish 
granules of “ glauconite,” containing a ferrous silicate, deposited 
as a cast in the chambers of Foraminifera, and often left exposed 
by the solution of the calcareous shell itself. Such granules 
occur in deep-sea deposits of the present day. 1 

3. Heliozoa 

Sarcodirm with radiate non-anastomosing pseudopodia of gran- 
ular protoplasm , each with a stiff axial rod passing into the body 
plasma ; no central capsule , nor clear ectoplasm ; skeleton wh en 
present siliceous ; nucleus single or multiple; contractile vacuole 
(or vacuoles ) in fresh-water species, superficial and prominent at the 
surface in diastole ; reproduction by fission or budding in the 

# # • a 

active condition, or by brood -formation in a cyst, giving rise to 
resting spores; conjugation isogamous in the only two species fully 
studied ; habitat floating or among vjeeds , mostly fresh water. 

1. Naked or with an investment only when encysted. 

Aphrothoraca . — Actinolophus F.E. Sch. ; Myxastrum Haeck. ; 

Gymnosphaera Sassaki ; IHmorpha (Fig. 37,5, p. 112) Gruber ; 

Actinomonas Kent ; Actinnphrys Ehrb. ; Actinosphaerium St. ; 

Camptonema Schaud ; Nuclearia Cienk. 

1 The alleged Archaean genus Eozoon , founded by Carpenter and Dawson on 
structures found in the Lower Laurentian serpentines (ophicalcitcs), and referred 
to the close proximity of Nummulites, has been claimed as of purely mineral 
structure by the petrologists ; and recent biologists have admitted this claim. 
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2. Invested with a gelatinous layer, sometimes traversed by a firmer elastic 

network. 

Chlamydophora. — Heterophrys Arch. ; Mastigophrys Frenzel ; 
Acanthocystii , Carter, * 

3. Ectoplasm with distinct siliceous spicules. 

C h a L arot hor ac a. — Raphidiophrys A rch . 

4. Skeleton a continuous, fenestrated shell, sometimes stalked. 

Desmothoraca.— Myriophrys Penard ; Clathrulina Cienk. ; Orbu- 
linella Entz. 


This class were at first regarded and described as fresh-water 
didam, but the differences were too great to escape the 
greatest living specialist in this latter group, Ernst Haeckel, 
who in 1866 created the Heliozoa for their reception We 

Z Z W? dge ? ? main,y t0 the kb0UrS of Cienkowsky, 
the late William Archer, F. E. Schulze, E. Hertwig Lesser 

“Tie“vi^96f aUd j n p Wh j haS nion °g ra Phed it' for the 
account ( ) ’ imd PeDard has fished a more recent 

Actinophrys sol Ehrb. (Fig. 18) is a good and common type 

t owes its name to its resemblance to a conventional drawing 
the sun, with a spherical body and g * 

numerous close -set diverging raya 
The cytoplasm shows a more coarsely 
vacuolated outer layer, sometimes 
called the ectosarc, and a denser in- 
ternal layer the endosarc. In the 
centre of the figure is the large 

nucleus, to which the continuations 
of the rays may be seen to converge ; 
the pseudopodia contain each a stiffish . . . 

axial filament, 1 which is covered by 
the fine granular plasm, showing 

currents of the granules. The axial 

filament disappears when the pseudo- - - — -^cer . , 

bending occurs when^Hving^rey IT ' afterWar(k This 

The prey is carried down 8 , 

neater a^g ’th^dS X-ttsTb 




tra ; c.v, con- 

y m Lan g s Comparative Ana- 
tony, after Grenacher. ) 
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sinks into it with a little water, to form a nutritive vacuole. 
Fission is the commonest mode of reproduction, and temporary 
plastogamic unions are not uncommon. Arising from these true 
conjugations occur, two and two, as described by Schaudinn. A 
gelatinous cyst wall forms about the two which are scarcely more 
than in contact with their rays withdrawn. Then in each the 
nucleus divides into two, one of which passes to the surface, and 
is lost (as a “ polar body ”), while the other approaches the 



corresponding nucleus of the mate, and unites with it, while at 
the same time the cytoplasms fuse. Within the gelatinous cyst 
the zygote so formed divides to produce two sister resting spores, 
from each of which, after a few days, a young Actinojfhrys escapes, 
as may take place indeed after encystment of an ordinary form 
without conjugation. 

The axial rods of the pseudopodia may pass either to the 
circumference of the nucleus or to a central granule, correspond- 
ing, it would appear, to a centrosoine or blepharoplast ; or again, 
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the plurinucleate marine genus Camptonema, each rod abuts 
““ a separate cap on the outer side of each nucleus. The 
nucleus is single in all but the genera Actinosphaerium, 
Myxastrum, Camptonema, and Gymnosphaera. The movements 
of this group are very slow, and are not well understood A 
slow rolling over on the points of the rays has been noted and 
in Camptonema they move very decidedly to effect locomotion, 
the whole body also moving Amoeba - fashion ; but of the 
distinct movements of the species when floating no explanation 
can be given. The richly vacuolate ectoplasm undoubtedly helps 
to sustain the cell, and the extended rays must subsene the 
same purpose by so widely extending the surface. Dimorpha 
( ig. 37, 5, p i 12) has the power of swimming by protruding a pair 

. uK 0n J flag6 la r ° K m the neighbourhood of the eccentric nucleus ; 
and Myriophrys has an investment of long flagelliform cilia 
Achnomonas has a stalk and a single flagellum in addition to 
the pseudopodia ; these genera form a transition to the Flagellata 

by w2t 8PeCle8 H abUUally C ° ntain b0dlCS ’ Whicl > *ul4y 

dfdae of t e L? T Zoochlorellae > Chlamydomonu- 

154 itsi L f V I 16 “ We Sha11 find in «rtain Ciliata (pp 
Id 2 5 fi i a f e8h ' water S P<>nges (see p. 175), in Hydra viridis 
(P- ), and the marine Turbellarian Convoluta (Vol. II p 43) 

Reproduction by fission is not rare, and in some else,' ('a ' 

hocystis) the cell becomes multinuclear, and buds off 1 -nucleate 

at r "t a 

been known (Fig 20? In i Z00S P° res has long 

have ch.raoleri.ed a, „ do^my ZZ ( 'hZ'ihZf pr00 , es “' ” hich *• 
spores. The animal retract i h formatlon of resting 

number of nuclei is muehTeduced th « 

the solution of many of them or i 7 mutuaI fusion, or by 
processes. The body then breaks ^ “ COmblnatio11 of the two 
nucleus, and each ^ & ^ 

^ b »“ - “irnt^t 
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two in number, i.e. the nucleus divides into two, one of which 


1. R aphid lojjhrys 



c.vac 


2-Nuclearia 


3.Cla>hrulina 


,0 ' Tvat, wn" rac* n “ r vie «l \ ” ^ , i n J ° 3 ’ “ t* th ® entire aDin,aI and 4 the "«geHnl» ; 

goes to the surface as the first polar body, and the sister of this 
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the surface) and a pairing nucleus. 1 The two cells then fuse 
completely, and surround themselves with a second gelatinous 
cyst wall, separated from the outer one by a layer of siliceous 
spicules. The nucleus appears to divide at least twice, before the 
young creep out, to divide immediately into as many Actino - 
phrys- like cells as there were nuclei ; then each of these 
multiplies its nuclei, to become apocytial like the adult form. 

Schaudinn admits 24 genera (and 7 dmihf-.fnl^ ai 







F f °. 21.— Diagram illustrating the conjugation of Actinosphaerium. 1, Original cell • 

N anH GUS f0r " • tW °’ NgN2 ; 3 ’ each nucleu * a g ain divides to^orm two’ 

„ * “ ** latter I ,assin & out with a little cytoplasm as an abortive cell ; 4, 

“ ■ in 3 : 5> the two nudei N ‘ have fused 

(and 18 doubtful). None are known fossil. Their geographical 
distribution is cosmopolitan, as is the case with most of the 
minute fresh-water Protista ; 8 genera are exclusively marine, and 
Orbulvnella has only been found in a salt-pond ; Actinophrys sol 

“ , fres h -water and marine, and Actinolophus has 1 species 
fresh-water, the other marine. One of the 14 species of Acantho- 

>8 manne; the remaining genera and species are all 
inhabitants of fresh water. 2 

4. Radiolaria 

Sarcodina with the protoplasm divided by a perforated 
chihnous central capsule into a central mass surrounding the 
nucleus, and an outer layer; the pseudopodia radiate, never anasto- 

727 “’ fo r * r rM * ■ *“«» siiZl 

pro e ld matter ( acanthm ), sometimes also coalescing into a 

in^he central c^Z^tafm" % *""* 

^ton),at varying depths (tonari^ 'Zlhctl^^ 

i., si r nuciei « — "*-~ 

oospheres of Metazoa, where the process is temld H " ° f pairin 8- cells . specially 
5 Besides these genera enumerated bv Sch !, maturation the ovum. 

(P'g- 37 5, p. 112 ), Mastigophrys IH ” Wrpha Gruber 

usually referred to Flagellates. ’ ^ len ^ c, » and Actinomonas 
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The following is Haeckels classification of the Radiolaria: — 

I. Porulosa (Holotrypasta). — Homaxonic, or nearly so. Central capsule 
spherical in the first instance ; pores numerous, minute, scattered ; 
mostly pelagic. 

A. Spum ellaria (Peripylaea). — Pores evenly scattered ; skeleton of solid 

siliceous spicules, or continuous, and reticulate or latticed, rarely 
absent ; nucleus dividing late, as an antecedent to reproduction. 

B. Acantharia (Actipylaea). — Pores aggregated into distinct areas ; 

skeleton of usually 20 centrogenous, regularly radiating spines of 
acanthin, whose branches may coalesce into a latticed shell ; nucleus 
dividing early. 



Fio. 22. — Collozoum inerme. A, B, C, three forms of colony ; D, small colony with central 
capsules ( c.caps ), containing nuclei, and alveoli (roc) in ectoplasm ; E, isospores, 
with crystals (c) ; F, anisospores ; nu, nucleus. (From Parker and Haswell. ) 

II. Osculosa (Monotrypasta). — Monaxonic ; pores of central capsule limited 
to the basal area (osculum), sometimes accompanied by two (or more) 
smaller oscula at apical pole, mostly zonarial or abyssal. 

C. Nassellaria (Monopylaea). — Central capsule ovoid, of a single 

layer ; pores numerous on the operculum or basal field ; skeleton 
siliceous, usually with a principal tripod or cal throp-sh aped spicule 
passing, by branching, into a complex ring or a latticed bell-shaped 
shell ; nucleus eccentric, near apical pole. 

D. Phaeodaria (Cannopylaea, Haeck. ; Tripylaea, Hertw.). — Central 

capsule spheroidal, of two layers, in its outer layer an operculum, 
with radiate ribs and a single aperture, beyond whicli protrudes 
the outer layer ; osculum basal, a dependent tube (proboscis) ; 
accessory oscula, when present, simpler, usually two placed sym- 
metrically about the apical pole ; skeleton siliceous, with a com- 
bination of organic matter, often of hollow spicules ; nucleus 
sphaeroidal, eccentric ; cxtracapsular protoplasm containing an 
accumulation of dusky pigment granules (“ phaeodium ”). 
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A. Spumellaria. 

Sublegion (1). Collodaria. 1 — Skeleton absent or of detached spicules ; 
colonial or simple. 

Order i. Colloidea.— Skeleton absent, (Families 1, 2.) Thalassicolla 

Huxl. ; Thalassophysa Haeck. ; Collozoum Haeck. ; Collosphaera 
J. Mull. ; Actissa Haeck. 

Order ii. Beloidea.— Skeleton spicular. (Families 3, 4.) 

Sublegion (2). Sphaerellaria. — Skeleton continuous, latticed or spongy, 
reticulate. 



Flo. 23. —Actimmma asteracanthum. A, the shell with portions of the two outer 

2S h^^c^P^^s^rarettpsule^fici'OTjwrpj'^ejthra-capsuhlr 6 -g* £ 

a:rH U ^:V^Hatkda; d dt;tig.) in " er Sphere 0f Skelet0 “- P - k - 


Order iii Sphaeroidea. - Skeleton of one or several concentric 
spherical shells ; sometimes colonial. (Families 5-10.) Haliomma 
Ehrb. ; Acimomma Haeck. (Fig. 23). 

Order iy. Prunoidea. - Skeleton a prolate splraeroid or cylinder 
(Fmmi’ri " iCt6d t ° Wards the niiddle . «»gle or concentric! 

Order v. D.scoiDEA.-Shell flattened, of circular plan, simple or con- 
centric, rarely spiral. (Families 18-23.) P‘e or con 

t er ir V re C urar C Z E t ~ S h 11 e, ! i P Boida1 ’ with three axes unequal 
irregular, sometimes becoming sp iral. (Families 24-32.) 2 

even of ^ a " dt ' Prot. >• 19 °2, p. 59, regards the presence of>icules 

2 Drevpr aHrlo 11 . oma ^» with numerous central capsules, 
a basal Ord -Sphaerop y ,ida, distinguished by a basal (or 
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B. Acantharia. 

Older vii. Actineltda. — Radial spines numerous, more than 20, 
usually grouped irregularly. (Families 33-35.) Xiphacantha Haeck.’ 

Order vni. Acanthonida.— Radial spines equal. (Families 36-38.) 

Order ix. Sphaerophracta. — Radial spines 20, with a latticed 
spherical shell, independent of, or formed from the reticulations of 
the spines. (Families 39-41.) Dorataspis Haeck. (Fig. 25, A). 

Order x. Prunophracta. — Radial spines 20, unequal ; latticed shell, 
ellipsoidal, lenticular, or doubly conical. (Families 42-44.) 



Fio. 24. Xiphacantha (Acantharia). From the surface. The skeleton only, x 100. 

(From Wyville Thomson.) 

C. Nassellaria. 

Order xi. Nassoidea Skeleton absent. (Family 45.) 

er xii. Plectoidea. — Skeleton of a single branching spicule, the 
branches sometimes reticulate, but never forming a latticed shell or 

a sagittal ring. (Families 46-47.) 

Order xiii. Stephoidea. — Skeleton with a sagittal ring continuous 
with the branched spicule, and sometimes other rings or branches. 
(Families 48-51.) Lithocercus Th4el (Fig. 26, A). 

Order xiv. Spyroidea. — Skeleton with a latticed shell developed 
around the sagittal ring (cephalis), and constricted in the sagittal plane, 
with a lower chamber (thorax) sometimes added. (Families 52-55.) 
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0.xler XV. Bothyoidea. — A s in Spyroidea, but with the cephalis 3-4 

lolxid ; lower chambers, one or several successively formed. (Families 
56-58.) 

Order xvi. Cyrtoidea.— Shell as in the preceding orders, but without 

^ng or oomtrietiana. ( Families 59 - 70 -) neoconus Haeck 
(* tg. 25, B). 

D. Phakodaria. 

Order xvii. Phaeocystina. Skeleton 0 or of distinct spicules- 
capsule centric. (Families 71-73.) AulacUmum Haeck. (Fig 26 B).’ 

Phaeosphaeria.— Skeleton a simple or latticed sphere 
th no oral opening (pylome) ; capsule central. (Families 74-77.)’ 
er xix. Phaeogromia.— Skeleton a simple latticed shell with a 

(Famm^7°8 82 n i °pf ' * “ is : ca I eule <™ric, "ib-apical. 

Surr (F £ ^ ^ HaeCk - 1 TmCar ° ra Mulr - ! Haeckel. 

onheT A _She11 ° f V V ° ValV6S ’ ° Fenin g in ^e plane 
( lrontal ) of the three openings of the capsule. (Families 83-85.) 

Dictyochida, with a skeleto reclli,,., 

Jr; , (P ; 84) - . T ^y rank now as Silicoflagellates (p. 114) 

the “ 18 dlst niguished from all other Protozoa bv 

the chittnous central capsule, so that its cytoplasm is separated 

n out * r la y er > the extracapsular protoplasm (ectoplasm 1 
a central mass, the intracapsular, containing the nucleus 1 ’ 

the surface to constitute the foundation for t. , g at 

Thi, gel J T - 

vacuolated, the vacuoles (“ alveoli ”) of 1 \ i largely 
in the nodes of the plasL network 7 ^ ^ size . W-g 
probably of lower specific gravity than tL COnta,nin g a liquid 

especially abundant towards the surfo! ^ ; “ d they are 

become polygonal On mpoh • , . * where they touch and 

f. thep - 

»"ki„g from the enrfac, in dkturM w “ r ? h i "7 " Pl "" ‘ he 

tain minute pigment granules but t) a ayer may con ' 

in* £ 1 

Verworn has shown that tv#/*; . 

removed from the central capsule,' ^SeTttT Whe “ the ooplasm is 

laSm , numerous fine radiatin™ T Pletely ' First » delicate exo- 

tlmir bases, and carries them fartheoutftom ‘if"*’ a '‘ d ^ jcUy “ ^formed at 

Mycology (Engl. ed . ]899) “ out f,om the central capsule. See General 
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The “ yellow cells ” of a symbiotic Flagellate or Alga, Zooxan - 
thella , are embedded in the jelly of all except Phaeodaria, and 
the whole ectosarc has the average consistency of a firm jelly. 

The pseudopodia are long and radiating, with a granular 
external layer, whose streaming movements are continuous with 
those of the inner network. In the Acantharia they contain a 
firm axial filament, like that of the Heliozoa, which is traceable 
to the central capsule ; and occasionally a bundle of pseudopodia 
may coalesce to form a stout process like a flagellum (“ sarco- 



A B 

Fio. 25. Skeletons of Radiolaria. A, Doralaspis ; B, Theoamus. (After Haeckel.) 


flagellum ”). Here, too, each spine, at its exit from the jelly, is 
surrounded by a little cone of contractile filaments, the myophrisks , 
whose action seems to be to pull up the jelly and increase the 
volume of the spherical body so as to diminish its density. 

The intracapsular protoplasm is free from Zooxanthella 
except in the Acantharia. It is less abundantly vacuolated, and 
is finely granular. In the Porulosa it shows a radial arrange- 
ment, with pyramidal stretches of hyaline plasma separated by 
intervals rich in granules. Besides the alveoli with watery 
contents, others are present with albuminoid matter in solution. 
Oil-drops, often brilliantly coloured, occur either in the plasma 
or floating in either kind of vacuole ; and they are often 
luminous at night. Added to these, the intracapsular plasm 
contains pigment-granules, most frequently red or orange, pass- 




RADIOI.ARIA 


8 i 

mg into yellow or brown, though violet, blue, and green also 
£“\ The " ' however, that give. it. ,1, t. th” 

whStT' ; , ag f K e“ te ot d * rk g«y. S reen , or brow,, granule. 

he extracapsular plasm „f lhe oral side of the central capsule 
Inorgan, c concretions and crystals are also found in the contents 

1“ £7“ ,7 s " 1 '; “ » Wes of unlcnoCr 

position resembling starch-grains in structure 

endoXm 2 £ 

“o,tnTw e hi:rm‘.yTe — * 

is -*7. ^~:z 

area : he compares them to 'the CO , ctlon - the P erf orated 

In the Phaeodaria (Fig 26 B) 7r^T ° f InfuSOria - 
seen in the outermost i a 8 ' r H’ radlatln g laminated cone is 

opening (“ astropyle ”) airda fih 'll 6 end ° plasm above the principal 

ones (“ parapyles ”)• and in ” 31 ° De around the two accessory 

whole outer P lay er of th e ndonT °"T C ° ntinUOnS With «*"■ the 

The nncJsl contineS ^ -T, * meridional 8triati °- 

first single thoucrh it m a- j Ooplasm, and is always at 

w.11 » a 8 firm iLTsoSSn” r" “ e “”' T " e 

concentric shells it at first hpp • . ^ P orous - If there are 

actually come to encl^3T , Which ™y 

the several perforations ’ of the ,“ g . Iobes ? hlCh gl '° W throu g h 

outside completely, so as to show no si^nloftlif 
Nassellana a similar process usually ! 8 n f J01n8 - 1,1 tlle 

a lobed nucleus, contained in an L !“ tllG formation of 

The chromatin of the nucleus mav be ^ l0bed CGntral ca P sule - 
mass, or distributed into several^- »*to a central 

the form of a twisted, guw’ke ” , il “V »«™ 

nlr of l“ ,led ' "' ith - 7Z 

ta “ ; " « -"‘V*. -fc* a.t lupyleen rX 
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in the several divisions. 1 The Acantharia (Figs. 24, 25, A) have a 
skeleton of radiating spines meeting in the centre of figure of the 
endoplasm, and forcing the nucleus to one side. The spines are 
typically 20 in number, and emerge from the surface of the 


8/Cel. 



-~Inl. caps.pr 
cent caps 


\Ext. caps.pr. 


Fio. 26.— A, Lithocercus annularis , 
with sagittal ring (from Parker 
and Has well). B, Aulactinium 
actinaslrum. C,calymma; cent, 
caps., km, central capsule ; 
Ext. caps, pr., Extracapsnlar, 
ami Int. caps.pr., intracapsnlar 
protoplasm ; n, nu , nucleus ; 
op, operculum ; ph, phaeodium ; 
psd, pseudopodium ; Steel., 
skeleton ; z, Zooxanthella. 
( From Lang’s Comparative 
Anatomy, after Haeckel.) 



regular spherical forms (from which the others may be readily 
derived) radially, in five sets of four in the regions corresponding 
to the equator and the tropics and polar circles of our world. 

1 Dreyer has shown that in many cases it may be explained by geometrical 
considerations. V. Hacker has written a most valuable account of the Biological 
relations of the skeleton of Radiolaria in Jen. Zeitschr. xxxix. 1904, p. 297. 
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and ' f r„a“SaT"1r “* aIte "“ ,e ’ « ,h *‘ «» ‘ polar - 

and the “ tropical ■ spin^aro oTlhT, 5 m ' ndl *“ 00 ' apart, 
shown in the figures Bv h nterme diate meridians, as 

ing or coalescence of tl/h ^T bra nching, and the meet- 
and Uttronr a e rorTed T ^ 23 ' 24 ' 23 ) 

nf opening, or pylon,,, round ^ the bJTof W “ h 

aro inferred from the 20 circle, of pyl l c , ° r ' 8 

skeleton^ fLTTtJ:, tS5* ^ ,° f “ he ««— > 

passing into a latticed shell often with '° P ' ” C °” pl “- ” 
bind firmly the .neceJve “ d 

having TS Tf'" e d rr' M 5 ^ **— ■ - 

Coccospheres. I n bfth cases we h J ® , CaI “ reous C °ecoliths and 
not possessing a skeleton hi if , ■ 6 ° do w ^ tb a Radiolarian 
of if ^d, in the former ^ (Tl ■** U " digested ^ 

^ the latter ( Thalassicolla ) in aclumulaf^ C ° n J inU0US Ia ^r, 

tho Naaoidea, and t»', Ip^cL^Tby d “ abMnt on, J' “ 
simplest form is a - tripod - wTt h he ! ^ SpiCules - Its 

central capsule resting on its apex T , legS J ownward - and the 

he upturned one, being “ posterior ” ’a ° dd Iower % like 
present a “ sagittal ring ” often bra h f gam ’ the skeleton may 

or combined with the tripod or calthro *** ^ (Fig ‘ 26 - H 

r ,„„d by th , « Cfad cZt ,. ri ” 88 ' A "» th » ‘m i 
tT" ' r‘r * wide (" pylome ., 8 "; OU " di ”8 “>« central 

the cephahs”; it may be combfoeH ■ 3 ° W ' This is termed 
2 ttal r ”‘g and the tripod or caUhron Ways with the 

prolonged by the addition of one two ? J T ’ ^ ifc ma y be 

one, two, or three chambers below 
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the last one opening by a pylome (Fig. 25, B). These are terme 
“ thorax,” “ abdomen,” and “ post-abdoinen ” respectively. 

In the Bhaeodaria the skeleton may be absent, spicular (ol 
loose or connected spicules) or latticed, continuous or bivalve. 
It is composed of silica combined with organic matter, so that it 
chars when heated, is more readily dissolved, and is not preserved 
in fossilisation. The spicules or lattice-work are hollow, often 
with a central filament running in the centre of the gelatinous 
contents. The latticed structure of the shell of the Challengeridae 
(Fig. 28) is so fine as to recall that of the Diatomaceae. In 
the Phaeoconchida the shell is in two halves, parted along the 
“ frontal ” plane of the three apertures of the capsule. 



Pig. 27.— Scheme of various possible skeletal forms debited in the F ™” h v er " orn , 
alveolar system, most of which are realised in the Radiolar . 

after Dreyer.) 


The central capsule (rarely inconspicuous and difficult, n 
impossible to demonstrate) is of a substance whic rest ™, . j 
chitin, though its chemical reactions have not been ful y , 

hitherto, and indeed vary from species to species. It is c F 
of a single layer, except in Phaeodaria, where it is ou e . 
operculum in this group, i.e. the area around the a per > & 

composed of an outer layer, which is radially thickene , 
thin inner layer ; the former is produced into the projec i g 

(“proboscis”). • n due to 

Reproduction in the Radiolaria may be simple fission 

the binary fission of the nucleus, the capsule, and the ec °P 

in succession. If this last feature is omitted we have a co 

organism, composed of the common ectoplasm containing nunier 

central capsules; and the genera in which this occurs, all belong 111 *? 

to the Peripylaea, were formerly separated (as Polycyttaria) tro 
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the remaining Radiolaria (Monocyttaria). They may either lack 
a skeieton (Collozoidae, Fig. 22), or have a skeleton ‘ of detached 
s .cules (Sphaerozoidae), or possess latticed shells (Collosphaeridae) 
one tor each capsule, and would seem therefore to belong, as only 

A ulaca n th a (a Phaeodarian) bv Borwrt 1 tj^ « 1 ,, 

~ .*• *>«*«» «. slsts. <, t 

missing part is regenerated. In cases where this i« • 

one of the daughter-cells retains the old skeleton and the 
escapes as a bud to form a new skeleton. ° lher 



A 

Fio. 28. 


Shells of Challengeridae • A T ^ 

(From Wyville ThomJt. } tMTyngdla '• C . Haeckel 


2 irr,r t safs 

isospores and frequently contain ! *°° Spores are alike— 

aS W ® H as oil-globules. 7 In the y ‘j' 7 ° f proteid mature 
second mode of spore-formation . ° ljCyttaria al °ne has the 
species in which' a * d tba * in the same 

( anisospores ” are formed, namely 1 P ° res 0CCU1S - Here 
micro - zoospores.” They probably *7*- ‘ mega '’” and small 

female respectively ; but neither ^ “"W* aS male and 

nor has any product of such coni,, r ^ pr0CeSS been observed, 
In every case the format ^ 7TT be » -cognised.’ 

the zoospores only involves the 

°° ' ahrb ‘ Anat • xiv. 1900, p. 203. 
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endoplasm : the nucleus first undergoes brood division, and the 
plasma within the capsule becomes concentrated about its 
offspring, and segregates into the spores ; the extracapsular 

plasm disintegrates. 1 

The Yellow Cells ( Zooxanthella ), so frequently found in the 
Radiolaria were long thought to be constituents of their body. 
Cienkowsky found that when the host died from being kept in 
unchanged water, the yellow cells survived and multiplied freely, 
often escaping from the gelatinised cell-wall as biflagellate zoospores. 
The cell-wall is of cellulose. The cell contains two chloroplastids, 
or plates coloured with the vegetal pigment “ diatomin. Besides 
ordinary transverse fission in the ordinary encysted state in the 
ectoplasm of the host, when free they may pass into what is 
known as a “ Pcdmella- state,” the cell-walls gelatinising ; in this 
condition they multiply freely, and constitute a jelly in which the 
individual cells are seen as rounded bodies. They contain starch 
in two forms — large hollow granules, not doubly * refractive, an 
small solid granules which polarise light. We may regard them 
as Chrysomonadaceae (p. 113). Similar organisms occur in many 
Anthozoa (see pp. 261, 339, 373 f., 396). Diatomaceae (yellow 
Algae with silicified cell-walls) sometimes live in the jelly of 
certain Collosphaera. Both these forms live in the state known 
as “ symbiosis ” with their host ; i.e. they are in mutually helpful 
association, the Kadiolarian absorbing salts from the water or 
the nutrition of both, and the Alga or Flagellate taking up the 
C0 2 due to the respiration of the host, and building up organic 
material, the surplus of which is doubtless utilised, at least in 
part, for the nutrition of the host. A similar union between a 
Fungus and a coloured vegetal (“ holophytic ”) organism 18 

known as a Lichen. ... u 

The Suctorian Infusorian Amoeboplirya is parasitic in t ie 

ectoplasm of certain Acantharia, and in the peculiar genus Sticho- 
lonche which appears to be intermediate between this group an 
Heliozoa. 

The Silicoflagellate family Dictyochidae are found temporarily 

1 Porta has described reproduction by spores and by budding in Acantharia, 
Rend. R. 1st. Lomb. xxxiv. 1901 (ex Journ. R. Micr. Soc. 1903, p. 45). n 
Thalcissophysa and its allies zoospore reproduction appears to be replaced by a 
process in which the central capsule loses its membrane, elongates, becomes 
multinuclear, and ultimately breaks up into the nucleate portions, each annexing 
an envelope of ectoplasm to become a new individual (see Arch. Prot.. vol. i. 1902). 
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embedded in the ectoplasm of some of the Phaeocystina, and 

have a skeleton of similar nature. Their true nature was shown 
by Borgert. 

The Amphipod crustacean Hyperia 1 may enter the jelly of 
the colonial forms, and feed there at will on the host. 2 

Haeckel, in his Monograph of the Eadiolaria of the Challenger 
enumerated 739 genera, comprising 4318 species ; and Dreyer has 
added 6 new genera, comprising 39 species, besides 7 belonging to 
known genera. Possibly, as we shall see, many of the species 
may be mere states of growth, for it is impossible to study the life- 
histories of this group ; on the other hand, it is pretty certain 
that new forms are likely to be discovered and described. The 
Eadiolaria are found living at all depths in the sea, by the 
superficial or deep tow-net; and some appear to live near the 
bottom, where the durable forms of the whole range also settle 
and accumulate. They thus form what is known as Eadiolarian 

through th 1 !, tlngU18hed fr ° m ° ther shallower deposits chiefly 

mdividua s of a limited range of species have been found 

been generally described bv ‘RV.ronV, > 7 11 Ve ' lave 

Tripoli, («JU) of TeX ™ 
parts of the globe, consisting largely or mainbTnf i , i 
representing a Eadiolarian oofe. That of M ^ &nd 
Barbados contains at least 400 species- that of P Mlocene of 
130. In Secondary and Palaeozdn ‘ ! GrUppe at least 

Eadiolarian quartzites (some as recent ° a s the \ °° ZeS . pa8S into 
occur also in fossilised evorpmo f r . ^ urassi c)- They 

chert concretions, as far down as j C ° pro ,tes) ’ and in flint or 
, R n as the low est fossiliferous rocks 

■ - * r- - - - -X ’ 

the parasitism of Hyperia. Z °° Xanthell “ Diatoms, and notes 

Hertwig in JW ZdUch.\i \ *° T Slicholonehe < se « R. 
m P. «13. Borgerfs paper on Wl-dlSKf 
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the Cambrian. The older forms are simple Sphaerellaria and 
Nassellaria. From a synopsis of the history of the order in 
Haeckel’s Monograph (pp. clxxxvi.-clxxxviii.) we learn that while 
a large number of skeletal forms had been described by Ehren- 
berg, Huxley in 1851 published the first account of the living 
animal. Since then our knowledge has been extended by the 
labours of Haeckel, Cienkowsky, R. Hertwig, Karl Brandt, and 
A. Borgert. 

5. Proteomyxa 

Sarcodina without a clear ectoplasm, whose active forms are 
amoeboid or flagellate, or pass from the latter form to the former; 
multiplying chiefly, if not exclusively , by brood formation in a 
cyst. No complete cell -pairing ( syngamy ) known, though the 
cytoplasms may unite into plasmodia ; pseudopodia of the amoeboid 
forms usually radiate or filose, but without axial filaments. Sapro- 
phytic or parasitic in living animals or plants. 

This group is a sort of lumber-room for forms which it is 
hard to place under Rhizopoda or Flagellata, and which produce 
simple cysts for reproduction, not fructifications like the Mycetozoa. 
The cyst may be formed for protection under drought (“ hypno- 
cyst ”), or as a preliminary to spore -formation (“ sporocyst ”). 
The latter may have a simple wall (simple sporocyst), or else 
two or three formed in succession (“ resting cyst ”), so as to en- 
able it to resist prolonged desiccation, etc. : both differing from the 
hypnocyst in that their contents undergo brood formation. On 
encystment any indigestible food materials are extruded into the 
cyst, and in the “ resting cysts/’ which are usually of at least 
two layers, this faecal mass lies in the space between them. The 
brood-cells escape, either as flagellate- cell 3, resembling the simpler 
Protomastigina, called “ flagellulae,” and which often become 
amoeboid (Fig. 29) ; or already furnished with pseudopodia, and 
called “ amoebulae,” though they usually recall Actinophrys rather 
than Amoeba. In Vampyrella and some others the amoebulae 
fuse, and so attain a greater size, which is most probably advanta- 
geous for feeding purposes. But usually it is as a uninucleate 
cell that the being encysts. They may feed either by ingestion 
by the pseudopodia, by the whole surface contained in a living 
host-cell, or by passing a pseudopod iurn into a host-cell 
(Fig. 29 5). They may be divided as follows : — 
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papers in his Beitr. Nied. Org. The Chytridieae, usually ascribed 
to Fungi, are so closely allied to this group that Zopf proposes 
to include at least the Synchytrieae herein. 

This group is very closely allied to Sporozoa ; for the absence 
of cytogamy, and of sickle-germs, 1 and of the complex spores and 
cysts of the Neosporidia, are the only absolute distinctions. 


6. Mycetozoa (Myxomycetes, Myxogastres) 

Sarcodina moving and feeding by pseudopodia , with no skeleton 
aggregating more or less completely into complex “ fructifications 
before forming 1- nucleate resting spores; these may in the first 
instance liberate flagellate zoospores , which afterwards become 

amoeboid , or may be amoeboid from the first ; zoospores capable of 
forming hypnocysts from which the contents escape in the original 

form. 

1 Aggregation taking place without plaetogamy, zoospores amoeboid, with 

, , ACRASIEAE. 

a clear ectosarc 

Copromyxa Zopf ; Dictyostelium Brefeld. 

2. Aggregation remaining lax, with merely thread-like connexions, excep 

when encystment is to take place ; cytoplasm finely granular througnou ; 

complete fusion of the cytoplasm doubtful . . FlLOPLASMODlEA 

Labyrinthula Cienk. ; Chlamydomyxa Archer ; Leydenia (?) Schaud. 

3. Plasmodium formation complete, eventuating in the formation of a com- 

plex fructification often traversed by elastic, hygroscopic threads, wine 
bv their contraction scatter the spores ; zoospores usually flagella e 
at first Myxomycetes. 

Fuligo Hall. ; Chondrioderma Rostaf. ; Didymium Schrad. (big. 30). 

I. The Acrasieae are a small group of saprophytes, often in the 
most literal sense, though in some cases it has been proved that 
the actual food is the bacteria of putrefaction. In them, since 
no cell -division takes place in the fructification, it is certain 
that the multiplication of the species must be due to the fissions 
of the amoeboid zoospores, which often have the habit of Amoeba 

Umax (Fig. 1, p. 5). 

II. Filoplasmodieae. — Chlamydomyxa 2 is a not uncommon 
inhabitant of the cells of bog-mosses and bog-pools, and its 
nutrition may be holophytic, as it contains chromoplasts ; but it 

1 Even the Acystosporidiae have sickle-germs (blasts) in the insect host. 

* See Zopf, Beitr. AW. Org. ii. 1892, p. 36, iv. 1894, p. 60, for the doubts 
genus Chlamydomyxa; Hieronymus, abstracted by Jenkinson, in Quart. J. • 
Act. xiii. 1899; Penard, Arch. /*rotist. iv. 1904, ]». 296. 
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can also feed amoeba-fashion. Labyrinth ula is marine, and in 

Its fructification each of the component cells forms four spores 

Leydema has been found in the fluid of ascitic dropsy, associated 
with malignant tumour. 

III. Myxomycetes. — The fructification in this group is 
not formed by the mere aggregation of the zoospores, but these 
1 use by their cytoplasm to form a multinucleate body, the “ plas 
modium, which after moving and growing (with nuclear division) 

estTS i me , 6 a f gr6at multinuclea te Reticularian, passes into 
rest, and develops a fructification by the formation of a complex 

outer wall; within this the contents, after multiplication of the 

un ; nucieate ^ ^ own 

cjst wall. The fructifications of this group are often conspicuous 

and resemble those of the Gasteromycetous fungi the Puff 

fi st discovered their true nature in 1859, afd ever since they 
ave been claimed by botanist and zoologist alike } 

«.X^"ri nSti ? libeMt ' 8 itS “ * minute 

(Fig 3o' O It, 6 1 " en °l aSh and a c ontractile vacuole 
reels .rV^Vo “i ‘TS, am “ toid - a " d 

raX 7 u p r sts A ;r *>■“ 

multiply by fission fuse' 1 ® amoeboids . which may 

plasmodium (Fig 30 F) ^ This 66 ^ 11 ?’ • S ° ^ t0 f ° nn the 

which multiply f s it Zroi , , C0DtainS UUnierous nuclei, 
When it attains full Z •! t DUmer ° US con tractile vacuoles, 
crawls to a dry place and re , "'T negative1 ^ hydrotactic, 

are differentiated from the outer layer of ntoZT Z frUit ’ 

each around an indenendeni f 1 bl partition, cone. :.atc 

surrounded as a spore by a cysGwaU ? oZ’ Zl ' ^ ^ ^ 
plasmodium within the wall of th r ■ • ° ften tlie nia turing 

of anastomosing tubes filled li h Z ^ & netWOrk 

become differentiated mto memtane £’f>he f '?* * Which 

the tubes now form a network o/holZZZ ‘Z hquid dries ’ and 
often with external spiral ridges Z, Z lds ’ tha ‘‘ ^PjHitium,*’ 

ver y hygroscopic, and by their evn '’ 0 ’ A ’ B) ' T ‘ eSe are 

J eir expansion and contraction 
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determine the rupture of the fruit-wall and the scattering of the 
spores. 

Again, in some cases the plasmodia themselves aggregate in 
the same way as the amoeboids do in the Acrasieae, and combine 



Flo. 30. — Didymium tlifforme. A, two sporangia ( spg 1 and 2) on a fragment of ( ^ 
B, section of sporangium, with ruptured outer layer (a), and threads of capi 1 e 
(cp) ; C, a ttagellula with contractile vacuole (c.vac) and nucleus (nu) ; D» the s ^ 
after loss of flagellum ; b, an ingested bacillus ; E, an amoebula ; F, conjuga 10 
amoebulae to form a small plasmodium ; G, a larger plasmodium accompanie 
numerous amoebulae ; sp, ingested spores. (After Lister.) 

to form a compound fruit termed an “ aethalium ,” 1 with the 
regions of the separate plasmodia more or less clearly marked o 
The species formerly term* d Aethalium septicum is now known as 
Fuligo varians. It is a large and conspicuous species, common on 
tan, and is a pest in the tanpits. Its aethalia may reach a 

y The name “ u Mialiuni ” is now always used in this sense. 
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diameter of a foot and more, and a thickness of two inches, 

Chondrioderma diffusum, often utilised as a convenient " laboratory 

type,” is common on the decaying haulms of beans in the late 

autumn. The interest of this group is entirely biological, save 
for the “ flowers of tan.” 1 


‘ The group was monographed by Schrbter in Engler and Pra nil's Man-en 
fann^n I. Ted Abt. 1 1897. See also A. Lister's Monograph of the Mvceto.C 
894, Massee Monog. of the Myxogastres, 1893 ; Sir Edward and Agnes Fry The 
Mycetozoa, 1899 ; and Massee MacBride, The North Africa . Slinu Moulds im. 



CHAPTER IV 

PROTOZOA ( CONTINUED ): SPOROZOA 1 * * * * * * 


II. Sporozoa. 

Protozoa 'parasitic in Metazoa, usually intracellular for at 
least part of their cycle, rarely possessing pseudopodia, or flagella 
( save in the sperms ), never cilia; reproduction by brood-formation, 
often of alternating types; syngamy leading up to resting spores 
in which minute sickle-germs are formed, or unknown ( Myxo - 
sporidiaceae). 

This group, of which seven years ago no single species was 
known in its complete cycle, has recently become the subject of 
concentrated and successful study, owing to the fact that it has 
been recognised to contain the organisms which induce such 
scourges to animals as malarial fevers, and various destructive 
murrains. Our earliest accurate, if partial knowledge, was due to 
von Siebold, Kolliker, and van Beneden. Thirty years ago Kay 
Lankester in England commenced the study of species that dwe 
in the blood, destined to be of such moment for the well-being o 
man and the animals in his service ; and since then our knowledge 
has increased by the labours of Manson, Boss and Minchin at 
home, Laveran, Blanchard, Thelohan, Leger, Cu^not, Mesni , 
Aim4 Schneider in France, Grassi in Italy, Schaudinn, Siedlec i, 
L. and R Pfeiffer, Doflein in Central Europe, and many others. 


1 Several monographs of the group have been published recently dealing ' wl 

the group from a systematic point of view, including their relation to their os s. 

Wasielewski, “ Sporozoenkunde ” (1896); Labb4, “ Sporozoa ” (in Tierreich, 1 * 

Doflein’s “ Protozoen als Parasiten und Krankheitserreger ” (1901) contains mos 

valuable information of the diseases produced by these amd other Protozoic hos 

Minchin’s Monograph in Lankester’s Treatise on Zoology, pt. i. fasc. 2 (1903), * 8 

full account of the class, and admirable in every way. 
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A, a type we will take a simple form of the highest group, the 
Gregari mdaceae , Monoeystis, which inhabits the seminal vesicles of 
the earthworm In its youngest state, the “ sporozoite,” it is a 
naked, sickle-shaped cell, which probably makes its way fiom the 
gut into one of the large radial cells of the seminal funnel, where 



J^IQ 2 J J . A 

A*; in -'^«ve 

«y agamy ; zygote • /, 0 „ Vls,ons 1,1 associated mats • » Relation ; 

— - -a .• as-,.: !ts?jsd££gp 

it attains its full size anf] ,, 

reservoirs of the seme’n, to tT ^ the Vesicles °r 

young spermatozoa. The whole in • g 1 16 8 P erm morulae and 
endosare, which contains a ' ^ 18 f ° rmed of the opaque 

ahf^t've granules of paramylum or^ia ^ l nucleus ’ and is full of 
a led to glycogen or animal starch P s ' dglyCOgen ’ 1 a carbohydrate 

1 For,,, reactions see B j sch , “ C ° mm0 “ “ «>e liver and 

Butschh, Arch. P rotut _ vii . 1906i ^ ]9? 
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muscles of Metazoa ; besides these it contains proteid granules 
which stain with carmine, and oil-drops. The ectosarc is formed 
of three layers : (1) the outer layer or “ cuticle ” 1 is, in many cases 
if not here, ribbed, with minute pores in the furrows, and is 
always porous enough to allow the diffusion of dissolved nutriment ; 
(2) a clear plasmatic layer, the “ sarcocyte ” ; (3) the “ myocyte,” 
formed of “ myonemes,” muscular fibrils disposed in a network 
with transverse meshes, which effect the wriggling movements of 
the cell. The endosarc contains the granules and the large 
central nucleus. The adult becomes free in the seminal vesicles; 
here two approximate, and surround themselves with a common 
cyst : a process which has received the name of “ association ” 
(Fig. 31, g-i). Within this, however, the protoplasms remain 
absolutely distinct. The nucleus undergoes peculiar changes by 
which its volume is considerably reduced. When this process of 
“ nuclear reduction ” is completed, each of the mates undergoes 
brood-divisions (J), so as to give rise to a large number of 
rounded naked 1-nucleate cells — the true pairing-cells. These 
unite two and two, and so form the 1-nucleate spores (Jc-vi), 
which become oat-shaped, form a dense cyst-wall, and have been 
termed “ pseudonavicellae ” from their likeness to the Diatoma- 
ceous genus Navicella. Some of the cytoplasm of the original 
cells remains over unused, as “ epiplasm,” and ultimately degene- 
rates, as do a certain number of the brood-cells which presum- 
ably have failed to pair. It is believed that the brood -cells 
from the same parent will not unite together. The contents 
of each spore have again undergone brood-division to form eight 
sickle-shaped zoospores, or “ sporozoites ” and thus the 

developmental cycle is completed. Probably the spores, swallowed 
by birds, pass out in their excrement, and when eaten by an 
earthworm open in its gut; the freed sickle -germs can now 
migrate through the tissues to the seminal funnels, in the cells of 
which they grow, ultimately becoming free in the seminal vesicles. 

1 The cuticle in the allied genua Lankesicria , which is the form we figure on p. 95, 
is perforated by a terminal pore, through which the clear plasma of the sarcocyte 
may protrude as a pseudopodium. 

a This account is taken from Cuenot (in Arch, dc Biol. 1900, p. 49), which con* 
firms Siedlecki's account of the process in the allied genus Lankcstcria in Bull- 
Acad. Cracow , 1899. Wolters’s previous description, assimilating the processes 
to those of Actinophrys , is by these authors explained as the result of imperfect 
preservation of his material. 
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We may now pass to the classification of the group. 

A. Telosporidea. Cells 1-nncleate until the onset of brood -formation, 
which is simultaneous. ’ 

1. G keu a in Nil) ac E A E. — Cells early provided with a firm pellicle and 

possessing a complex ectosarc ; at first intracellular, soon becoming 

free in the gut or coelom of Invertebrates. Pairing between adult* 

which simultaneously produce each its brood of gametes, isogamous 

or bisexual, which pair within the common cvst ; zygotosiores 

surrounded by a firm cyst, and producing within a brood of 
8 ickle-sliajHid zoospores. 

(l) Schizogreoarinidae. — Multiplying by simple fission in the free 
state as well as by brood-formation ; the brood-cells conjugating 
in a common cyst, but producing only one pairing nucleus in 
each mate (the rest aborting), and consequently only one 

„ • • • Ophryocystis A. Schn. 

(11.) Acephamnidae. — Cell one-chambe red, usually without an epimerite 

,... , 1 , for attachme, ‘t- Monocystis F. Stein ; Lankesteria Mingazzini 
'in* Dicvstidae. Cell divided by a plasmic partition ; epimerite 

usually present. Gregarina Dufour ; Stylorhynchtis A. Schn • 
Fteroceytuilibs A. Schn. ' ’ 

2. Coccidiaceae.— Cells of simple structure, intiacellular in Metazoa 
lairing between isolated cells usually sexually differentiated as oosphere 
and sperm, the latter often flagellate. Brood- formation of the adult cell 
giving rise to sickle-sliaped zoospores (merozoites), or progamic and pro 
ducmg the gametes. Oosperm motile or motionless,fin^y p^^ 
a brood of spores, which again give rise to a brood of sickle-sporea 

w zd b 

. SZSteZSZESZ? proi """ e 

... ^ 

(iii.) Agystosporidae. — Cells mranitin 

cytes of warm-blooded m tJle ^ 0od and Iia emato- 

dividing 

Gametocytes only forming rampt \ * lL cor P us <^es, amoel>oid. 
Of insects. Oosperm J fh-st the stomach 

producing naked spores whicli again^T^ ' nt ° , the Cot ‘ lom ’ 
of sickle zoospores, which migrate to th P '? duCe a , lar 8 e brood 
injected with the saliva into the wLf w ? '? r - V 8 land > and a ™ 
Gra-ssi and Felelti • Lawrnni r> n .' b ooded bos f- Haemamoeba 
Krase ; Halteridiu’m Labbe i raSS ‘ ^ Fe,etli > Haemoprote us 


B. 


^ ' "*** 1 * 1 ", ai)i>o. A 

formation o^ure Cell B^’ZntHne t ^’“ te apo , c > ,les More a "X brood- 


simultaneous. 


VOL I 


1 See p. ] 20 
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1. Myxosporidiaceae. — Naked parasites in cold-blooded animals. Spore- 
formation due to an aggregation of cytoplasm around a single nucleus 
to form an archcspore, which then produces a complex of cells within 
which two daughter-cells form the spores and accessory nematocysts. 
Myxidium Biitsch. ; Myxobolus Biitsch. ; Henneyuya Thelohan ; Nosema 
Nagel i ( = Gluyca Th.). 

2. Actinomyxidiaceae . 1 — Apocyte resolved into a sporange, containing 
eight secondary sporanges (so-called spores), of ternary symmetry and 
provided with three polar nematocysts. 

3. Sarcosporidiaceae. — Encysted parasites in the muscles of Vertebrates, 
with a double membrane ; spores simple. Sarcocystis Lankester. 

Monocystis offers us the simplest type of Gregarinidaceae. In 
most Gregarines (Figs. 3 1,32) the sporozoite enters the epithelium- 



Fio. 32 . — Gregarirm bluttarum Sieb. A, two cephalonts, embedded by their epirnerite 
( ep ), in cells of the gut-epithelium ; den , deutomerite ; w«, nucleus ; pr , protomerite^; 
B l , B 2 , two free specimens of an allied genus ; the epirnerite is falling oir in B , 
which is on its way to become a sporont ; C, cyst (eg) of A, with sporoducts (spa) 
discharging the spores (sp\ surrounded by an external gelatinous investment (g). 
(From Parker and Haswell.) 


cell of the gut of an Arthropod, Worm or Mollusc, and as it enlarges 
protrudes the greater part of its bulk into the lumen, and may 
become free therein, or pass into the coelom. The attached part 
is often enlarged into a sort of grapple armed with spines, the 
" epirnerite ” ; this contains only sarcocyte, the other layers being 
absent. The freely projecting body is usually divided by an 
ingrowth of the myocyte into a front segment (“ protomerite ), 
and a rear one (“ deutomerite ”), with the nucleus usually in the 
latter. In this state the cell is termed a “ cephalont.” Con- 
jugation is frequent, but apparently is not always connected with 

1 See Caullery and Mesnil, “Rech. sur les Actinomyxidies,” Arch. hot. vi. 1905, 
p. 272 f. 
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syngamy or spore-formation ; sometimes from two to five may 
be aggregated into a chain or “ syzygy.” The number of cases 
in which a syngamic process between two cells has been observed 
is constantly being increased. In Stylorlnynchus (Fig. 33) the 
conjugation at first resembles that of Monocystis, but the actual 
pairing-cells are bisexually differentiated into sperms in the one 
parent, and oospheres in the other ; it is remarkable that here the 
pear-shaped sperms are apparently larger than the oospheres. In 
Pterocephalus the chief difference is that the sperms are minute. 1 
In all cases oi spore-formation the epimerite is lost and the 
septum disappears; in this state the cell is termed a sporont. 
Sometimes the epiplasm of the sporont forms tubes (“ sporoducts ”), 
which project through the cyst- wall and give exit to the spores, 
as iii Grerjarina (Fig. 32, C), a parasite in the beetle 1 Maps. 

Gregarines intest most groups of Invertebrates except Sponges 
and perhaps Coelente rates, the only exception cited being that of 
Epizoantkus ylacialis, a Zoantharian (p. 406). They appear to 
be relatively harmless and are not known to induce epidemics. 

The Coccidiaceae never attain so high a degree of cellular 
differentiation as the Gregarines, which may be due to their 
habitat; for in the growing state they are intracellular parasites. 

heir life-history shows a double cycle, which has been most 
thoroughly worked out in Coccidiidae by Schaudinn and Siedlecki 
in parasites of our common Centipedes. We take that of 
Coccidium schubergi (in Lithobius forficatus 2 ), beginning with the 
sporozoite, which is liberated from the spores taken in with the 
W, m the gut of the Centipede. This active sickle-shaped cell 
Hg. 34 0 enters an epithelial cell of the mid-gut, and grows 
therem t.H it attains its full size (a), when it is ternfed a 
schizont ; for it segments (Ok. a x ifa, “ I split ”) superficially 
u o a urge number ot sickle-shaped zoospores, the “ merozoites ” 

so’thart, g Sp ° rOZOiteS - The segmentation is superficial 
so that there may remain a large mass of residual epiplasm’ 

H e merozoites are set free by the destruction of the epithelium 

like "‘hi ‘residual Satr^ch W '‘ iCh diS0,g;U,ised ' 

P P • Fdch merozoite may repeat the 

of tl";^ and f;;- - (1902-3) ; for a full discussion 

Quart. Journ. Micr. Sci. 1. 1906 p g ^ ^ * 1 a 1011 1,1 Grc garines, see Woodcock in 
2 A Lithobius is figured in Vol. V. p. 45. 
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behaviour of the sporozoite, so that the disease spreads freely, 
and becomes acute after several reinfections. After a time the 
adult parasites, instead of becoming schizonts and simply forming 
merozoites by division, differentiate into cells that undergo a 
binary sexual differentiation. Some cells, the “ oocytes ” ( d , e), 
escape into the gut, and the nucleus undergoes changes by 
which some of its substance (or an abortive daughter-nucleus) 
is expelled to the exterior (f), such a cell is now an " oogamete ” 
or oosphere. Others, again, are spermatogones ( h ): each when full 
grown on escaping into the gut commences a division (i, j), like 


~b 





Fia. 33. — Bisexual pairing of Stylorhynchus. a , Spermatozoon ; b-e, fusion of cytoplasm 
of spermatozoon and oosphere ; /, «/, fusion of nuclei ; h-j, development of Avail to 
zygote ; k, l , formation of four sporoblasts ; /, side view of spore ; m, mature sporo- 
zoites in spore. (After Leger.) 


that of the schizonts. The products of this division or segment- 
cells are the flagellate sperms (s) : they are more numerous and 
more minute than the merozoites produced by the schizonts, and 
are k attracted to the oosphere by chemiotaxy (p. 23), and one 
enters it and fuses with it (g ). The oosperm, zygote or fertilised 
egg, thus formed invests itself with a dense cyst-wall, .as a 
“oospore” ( k ), its contents form one or more (2, 4, 8, etc.) 
spores ; and each spore forms again one, two, or four sickle- 
shaped zoospores (“ sporozoites ”), destined to be liberated for a 
fresh cycle of parasitic life when the spores are swallowed by 


another host. 

In some cases the oogametes are at first oblong, like ordinary 
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merozoites, and round off in the gut. The microgame tocyte, or 
spermatogone, has the same character, but is smaller ; it applies 
itself like a cap to one pole of the oogamete, which has 
rounded off ; it then divides into four sperms, whose cytoplasm 



epithelium-cell of host 

germs, each S p„ re . (Krom Calkjt £ ^'7°"* 

is not sharply separated ; one of th^ fK 

common mass, enters the oogamete ami R fr6m the 

with an oosperm as its result This 1 u C ° nJ T tlon is effi *ted, 

i8 of M dea 0 J^d J. d Tl * “W** 

probably the more primitive ^ ' the fomer is 

1 Hive and the commoner. The sperms 
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of Coccidiidae, when free, usually possess two long flagella, either 
both anterior, or a very long one in front and a short one behind, 
both turned backwards. 

The genus Coccidium affects many animals, and one species in 
particular, C. cuniculi Rivolta, attacks the liver of young rabbits, 1 
giving rise to the disease “ coccidiosis.” Coccidium may also 
produce a sort of dysentery in cattle on the Alpine pastures of 
Switzerland ; and cases of human coccidiosis are by no means 
unknown. Coccidium- like bodies have been demonstrated in the 
human disease, “ molluscum contagiosum,” and the “ oriental 
sore ” of Asia ; similar bodies have also been recorded in smallpox 
and vaccinia, malignant tumours and even syphilis, but their 
nature is not certainly known ; some of these are now referred to 
Flagellata (see p. 121). 

Closely allied to the Coccidiidae are the Haemosporidae, 
dwellers in the blood of various cold-blooded Vertebrates, 2 and 
entering the corpuscles as sporozoites or merozoites to attain the 
full size, when they divide by schizogony; they are freed like those 
of the next family by the breaking up of the corpuscle. The 
merozoites were described by Gaule (1879) as “ vermicles 
(“ Wiirmchen ”), and regarded by him as peculiar segregation- 
products of the blood ; though Lankester had described the same 
species in the Frog’s blood as early as 1871, with a full recogni- 
tion of its true character. His name, Drcpanidium, has had to 
give way, having been appropriated to another animal, and has 
been aptly replaced by that of Lankester ella. The sexual process 
of Karyolysus has been found to take place in a Tick, that of 
Haemogreyarina in a Leech, thus presenting a close analogy to 
the next group, which only differs in its less definite form in the 
active state, and in the lack of a cell-wall during brood- formation. 

Laveran was the first to describe a member of the Acysto- 

1 The schizont forms of some species, before the invariable alternation of 
schizogony and sporogony had been made out clearly, were regarded as mono- 
genic” genera, under the names of Eirtieria , A. Schn., and P/eifferclla , Lab , 
while those in which the formation of spores containing sickles had been clear y 
seen were termed “digenic.” Labb^’s monograph, “Die Sporozoen, in t e 
Tierreich , is unfortunately written from this point of view, which bad a tear y 
become doubtful, and is now demonstrated to be erroneous, chiefly by the a urs 

of Schaudinn and Siedlecki. _ ... 

* A species has been described, however, in the blood of the Indian er » e 
( Gerbillus indicus ), completing the sexual process in the Louse of its host, 
figure of O. aefjyjptius will be found in Vol. X, (1902) p. 475. 
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sporidae, in 1880 , as an organism always to be found in the 
blood of patients suffering from malarial fever; this received the 
rather inappropriate name of Plasmodium , which, by a pedantic 
adherence to the law's of priority, has been used by systematists 
as a generic name. Golgi demonstrated the coincidence of the 
stages of the intermittent fever with those of the life-cycle of the 
parasite in the patient, the maturation of the schizont and 


liberation of the sporozoites coinciding with the fits of fever. 
Manson, who had already shown that the Nematodes of the 
blood that give rise to Filarial haematuria (see Vol. II. p. 149 ) 
ha\e an alternating life in t he gnats or mosquitos of the common 
genus ( id ex} in 189 G suggested to Eonald Eoss that the same 
might apply to this parasite, and thus inspired a most successful 
work. The hypothesis had old prejudices in its favour, for in 
many parts there was a current belief that sleeping under 
mosquito - netting at least helped other precautions against 
malaria. Eoss found early in his investigations that Cvlex was 
a good host for the allied genus Haemoproteus or Proteosoma , 
parasitic 111 birds, but could neither inoculate man with fever 
nor be inoculated from man. He found, however, that the 
malaria germs from man underwent further changes in the 
stomach of a “ dappled-wing mosquito,” that is, as we have since 
learned, a member of the genus Anopheles. Thenceforward the 
atmly advanced rapidly, and a number of inquirers, including 
° 8 !’ Koch ’ MaeCallum (who discovered the true method o^f 

sexual union in Halteridiur O, and Ross himself, completed his 
iscovery by supplying a complete picture of the life-cydes of the 
malaria-germs. Unfortunately, there has been a most unhapnv 
rivalry as to the priority of the share in each fragment of the 

,s — * - *£ 
theTiTr^i\ a 's 8 i ;r boid ; ,, ; <, ,, i " *“• — -*» 

doming filled with g„„„ les . “ * 8chm>nt . 

probably a decomposition product of the red 1 ^ • pIgnlent ■ 
(h^oglobig). The nucleus of , h „ „ hi J, 

a I , P'i< ! ^ l i S ndi8crini[nately l to V thind)odied U D' 0 [ tl ' e f a " d a 8 nat - name., 

Nem - " hicb 

3 In Quart. Journ. M ,cr Set. Sh! Tr W™>«™* (p. 119 f.) 
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peatedly, and then the schizont segments into a flat brood of 
germs (merozoites), relatively few in the parasite of quartan 
fever ( Haemamoeba mcdariae , Fig. 35, E-G), many in that of 






Fio. 35. — Life-history of Malarial Parasites. A -6, Amoebula of quartan parasite to 8 P or J*' 
lation ; H, its gametocyte ; I-M. , amoebula of tertian parasite to sporulation ; A, 
its gametocyte ; O, T, “ crescents ” or gametocytes of Ixiverania ; PS, sperm-forma- 
tion ; U-W, maturation of ooephere ; X , fertilisation ; Y, zygote. a, Zygote 
enlarging in gut of Mosquito ; b-e, jjassing into the coelom ; f, the contents seg- 
mented into naked spores ; q, the spores forming sickle-germs or sporozoites ; A, 
sporozoites passing into the salivary glands. (From Calkins’s Protozoa, after Koss 
and Fielding Quid.) 


tertian ( H \ vivax , Fig. 35, M). These brood-cells escape and 
behave for the most part as before. But after the disease has 
persisted for some time we find that in the genus Haemamoeba , 
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which induces the common malarial levers of temperate regions, 
certain of the full-grown germs, instead of behaving as schizonts, 
pass, as it were, to rest as round cells; while in the allied 
genus Laverania ^(Haemomenas, Ross) these resting-cells are 
crescentic, with blunt horns, and are usually termed half-moons 
(hig. 35, O, T), characteristic of the bilious or pernicious 
remittent fevers of the tropics and of the warmer temperate 
regions in summer. These round or crescent-shaped cells are 
the gametocytes, which only develop further in the drawn blood, 
whether under the microscope, protected against evaporation, 
or in the stomach of the Anopheles : the crescents become round, 
and then they, like the already round ones of Haemamoeba , 
differentiate in exactly the same way as the corresponding cells 
of Coccidium schuler gi. The female cell only exhibits certain 
changes in its nucleus to convert it into an oosphere : the male 
emits a small number of sperms, long flagellum-like bodies, each with 
a nucleus ; and these, by their wriggling, detach themselves from 
the central core, no longer nucleated. The male gametogonium 
with its protruded sperms was termed the " Polymitus form,” and 
was by some regarded as a degeneration-form, until MacCallum 
discovered that a “ flagellum ” regularly undergoes sexual fusion 
with on oosphere in Ilalteridium, as has since been found in the 
other genera. The oosperm (Y) so formed is at first motile 
( ookinete ) as it is in Haemosporidae, and passes into the 
epithelium of the stomach of the gnat and then through the wall 
acquiring a cyst-wall and finally projecting into the coelom (a-e) 
ere it segments into a number of spheres (“ zygotomeres ” of 
Ross) corresponding to the Coccidian spores, but which never 

Sir re surf. Pr0Per Wal1 (/) ' TheSe * Se ‘g n ‘ e, ^tion produce at 
their surface an immense quantity of elongated sporozoites 

(the zygotoblasts ’ or “blasts” of R 0S s Fit? 35 il 

"*■“*•* fte.,1 by the dh»pp,„ ailc . of ££*% * 

rv* p*«-t 8 i,„„, the , ,“r;.r pu s e ’ 

zr rJi "“ Z 

were to the get,,! 
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amoeba , sending it to England, where it was made to bite Dr. 
Manson’s son, who had never had fever and whose blood on 
repeated examination had proved free from any germs. In the 
usual time he had a well-defined attack of the fever corresponding 
to that germ, and his blood on examination revealed the 
Haemamoeba of the proper type. A few doses of quinine 
relieved him of the consequences of his mild martyrdom to 
science. Experiments of similar character but of less rigorous 
nature had been previously made in Italy with analogous results. 
Again, it has been shown that by mere precautions against the 
bites of Anopheles , and these only, all residents who adopted 
them during the malarious season in the most unhealthy districts 
of Italy escaped fever during a whole season ; while those who 
did not adopt the precautions were badly attacked. 1 

Anopheles flourishes in shallow puddles, or small vessels such 
as tins, etc,, the pools left by dried-up brooks and torrents, as 
well as larger masses of stagnant water, canals, and slow-flowing 
streams. Sticklebacks and minnows feed freely on the larvae 
and keep down the numbers of the species ; where the fish 
are not found, the larvae may be destroyed by pouring paraffin oil 
on the surface of the water and by drainage. A combination 
of protective measures in Freetown (Sierra Leone) and other 
ports on the west coast of Africa, Ismailia, and elsewhere, has met 
with remarkable success during the short time for which it has 
been tried ; and it seems not improbable, that as the relatively 
benign intermittent fevers have within the last century been 
banished from our own fen and marsh districts, so the Guinea 
coast may within the next decade lose its sad title of “ The White 
Man's Grave.” 

So closely allied to this group in form, habit, and life-cycle 
are some species of the Flagellate genus Trypanosoma , that in 
their less active states they have been unhesitatingly placed here 
(seep. 119). Schaudinn has seen Trypanosomic characters in 
the " blasts” of this group, which apparently is the most primi- 
tive of the Sporozoa and a direct offshoot of the Flagellates. 

The Myxosporidiaceae (Fig. 36) are parasitic in various 

1 It would seem that resting-cells, i.e. the crescents and corresponding spheres, 
of Laver anut *»*rl Tlaemamocha may linger during months of apparent health m 
the spleen and ixn narrow of the bones ; and that these by parthenogenesis produce 
sporozoites and detr.ruine relapses when, owing to a lowering of the general health, 
conditions favourable to new sj>oi ilation occur. 
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cold-blooded animals. They are at least binueleate in the youngest 
iree state, and become large and multinueleate apocytes, which 
may bud oft outgrowths as well as reproduce by spores The 
spores of the apocyte are not produced by simultaneous breaking 
up, but by successive differentiation. A single nucleus aggregates 
around itself a limited portion of the cytoplasm, and this again 

deZZ T ?’ b6COming an arc ^ es P°re or a “pansporoblast,” 
destmui to produce two spores; within this, nuclear division 

takes place so as to form about eight nuclei, two of which 

OTtiVe> and ° f the ° ther «• - used 

of each of the two 
spores. Of these 
three nuclei in each 
spore, two form 
nematocysts, like 
those of a Coelen- 
terate (p. 246 f.), at 
the expense of the 
surrounding plasm; 

while the third nu- 
cleus divides to form 
the two final nuclei 

of the reproductive 

body. The whole 

aggregate of the reproductive body and the two nematocysts is 
enveloped in a bivalve shell. In what we may call germination 

the nematocysts eject a thread that serves for attachment the 

valves of the shell open, and the binueleate mass crawls out’ and 
grows afresh. JVosema bomhycis Nageli (the spore of which has 
■ singe neniatocyst) is the organism of the “Pebrine” of the 
silkworm, which was estimated to have caused trf , , 

France of some £40,000,000 before Pasteur investtated ’ 'the 

32 the “ p— 

r r = ^ rr s 

- - 

Some Myxosporidiacearm-'T" 1 f [ 0m a luor|,hulo g ical standpoint, 
yxospondiaceae produce destructive epidemics in fish. 




Fi ° 36.— A, Myxidium lieberkiihniU amoeboid phnXe • B 
M yxobol us miiUeri , spore with discharged nematocysts’ 

c * R P<>res (psorosperms) of a Myxosporidian. 
ntc, nematocysts. (From Parker and Haswell.) 
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The Dolichosporidia or Sarcosporidiaceae are, in the adult 

state, elongated sacs, often found in the substance of the volun- 
tary muscles, and known as “ Rainey’s ” or “ Miescher’s Tubes ” ; 
they are at first uninucleate, then multinucleate, and then break 
up successively into uninucleate cells, the spores, in each of 
which, by division, are formed the sickle-shaped zoospores . 1 

1 L6ger and Duboscq have found that Sarcocystis tenella , a parasite common in 
the muscles of the sheep (and rarely found in man), has a conjugation and sexual 
process recalling that of Stylorhynchus, save that the sperms are much smaller than 
the ova ( C.ll . 1902, i. p. 1148). 



CHAPTER V 


PROTOZOA {CONTINUED) : FLAGELLATA 


III. Flagellata. 

Protozoa moving (and feeding in holozoic forms) by long flagella : 
pseudopodia when developed usually transitory : nucleus single or if 
multiple not biform : reproduction occurring in the active state and 
usually by longitudinal fission, sometimes alternating with brood - 
formation in the cyst or more rarely in the active state : form 
usually definite: a firm pellicle or distinct cell-wall often present. 

Ihe Magellates thus defined correspond to Biitschli’s group of 
the Mastigophora. The lowest and simplest forms, often loosely 
called “Monads,” are only distinguishable from Sarcodina (especially 
Proteomyxa) and Sporozoa by the above characters : their 
artificial nature is obvious when we remember that many of the 
Sarcodina have a flagellate stage, and that the sperms of bisexual 
Sporozoa are flagellate (as are indeed those of all Metazoa except 
Nematodes and most Crustacea). Even as thus limited the group 
is of enormous extent, and passes into the Chytridieae and 
Phycomycetes Zoosporeae on the one hand, and by its holophytic 
colonial members into the Algae, on the other . 1 


A. 


Classification. 

Fission usually longitudinal (transverse only in a cyst), or if multiple 

ui'fr peliic,e aWt ’ thi -’ - w-S 

I. Food taken in at any part of the body by pseudopodia 

Multicilia Cienk. ; Masliyamoeba F. E. Sell. (Fig. ^ P ^ NTOSTOMATA 


,.lalt T - h ( 8 e"T d 191 iCr0nUCleU r fCe / tainf0rm9 apPCari t0 be mere ly a “ blepharo- 
runction in ^tion^ ££ 
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I I o 


PROTOZOA 


CHAP. 


II. Food taken in at a definite point or points, or by absorption, or 
nutrition holopliytic. 

1. No reticulate .siliceous shell. Diameter under 500 /z (1/50 ). 

* Contractile vacuole simple (one or more). 

(a) Colourless : reserves usually fat : holozoic, saprophytic or 
parasitic . . . .2. Protomastigaceae 

( f3 ) Plastids yellow or brown : reserves fat or proteid : nutrition 
variable : body naked, often amoeboid in active state ( G . nudae ), 
or with a test, sometimes containing calcareous discs 
(“ coccoliths,” “ rhabdoliths ”) of peculiar form ( G . loricatae) 

3. Chrysomonadaceae 

Chromulina Cienk. ; Chrysamocba Klebs ; Jfydrurus Ag. 
Dinobryon Ehrb. (Fig. 37, 11); Syncrypta Ehrb. (Fig. 37, 12); 
Zooxanthella Brandt ; Pontosphaera Lohm. ; Coccolithophora 
Loh m. ; Rhabdosphaera Haeck. 

(y) Green, (more rarely yellow or brown) or colourless ; reserves 
starch : fission longitudinal . . 4. Cryptomonadaceae 

Cryptomonas Ehrb. (Fig. 37, 9) ; Par amoeba G reelf. 

(8) Green (rarely colourless) : fission multiple, radial 

5. Volvocaceae 

** System of contractile vacuoles complex, with accessory formative 
vacuoles or reservoir, or both. 

(c) Pellicle delicate or absent : pseudopodia often emitted : 
excretory pore distinct from flagellar pit : reserves fat 

6. Chloromonadaceae 

Chloramoeba Lagerheim ; Thaumatomastix , Lauterborn. 

(f) Pellicle dense, tough or hard, often wrinkled or striate : con- 
tractile vacuole discharging by the flagellar pit. Nutrition 
variable . . . . .7. Euglenaceak 

Euylena Ehrb. ; Astasia Duj. (Fig. 37, 3) ; Anisonema Duj. ; 
Entreplia Perty (Fig. 42, p. 124); Trachelomonas Ehrb. (Fig. 
37, 1) ; Cryptoylena Ehrb. 

2. Skeleton an open network of hollow siliceous spicules. Plastids 

yellow. Diameter under 500 p, . 8. Siljcoflagellata 

Dictyocha Ehrb. 

3. Diameter over 500 /z. Mouth opening into a large reticulate 
endoplasm : flagella 1, or 2, very unequal. 9. Cystoflagellata 
Noctiluca Suriray (Fig 48) ; Leptodiscus R. Hertw. 

B. Fission oblique or transverse : flagella two, dissimilar, the one coiled 
round the base of the other or in a traverse groove ; pellicle often dense, 
of numerous armour-like plates . . 10. Dinoflagellata 

Ceratium Schrank ; Gymnodinium Stein ; Peridinium Ehrb. (Fig. 46) ; 
Pouchetia Schiitt ; Pyrocystis Murray (Fig. 4 7); Polykrikos Biitschli. 

• 

The Protomastigaceae and Volvocaceae are so extensive as to require 
further subdivision. 


Protomastigaceae 

I. Oral spots 2. Flagella distant in pairs. 

II. Oral spot 1 or 0. 


DistomatidaE 
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A. Flagellum 1. 

(") No anterior process : often pa rasitic . . Oikomonadidae 

Oihmionas K. (Figs. 37, *2, 8); Trypanosoma Gruby (Fig. 39, a-/); 
Treponema Vuill. (Fig. 39, y-i). 

(b) Anterior process unilateral or proboscidiform : cell often thecate 

Bicoecidae 

Bicoecu Clark ; Poteriodendron St, 

(c) Anterior process a funnel, surrounding the base of the flagellum : 
cells often thecate. 

(i.) tunnel free .... Craspedomonadidae 

Codosiya Clark; Monosiga Cl.; Polyoeca Kent; Proterotpongia 
Kent ; Salpingoeca Cl. 

(ii.) tunnel not emerging Irom the general gelatinous investment 

.... Phalanstkridae 

is. tlagella 2, unequal or dissimilar in function, the one sometimes short and 
thick. 

(a) Both flagella directed forwards . . . Monadidae 

Monas St. ; Anthaphysa Bor y (Fig. 37, 13). 

{b) One flagellum, usually the longer, turned back wa ids. Bodonidae 
Bodo St. (Fig. 38). 

C. Flagella 2, equal and similar . . Amphimonadidae 

Amphimonas Duj. ; Diplomita K. (Fig. 37, 10 ) ; Rhododendron St. 

(tig. 3/, 14). 

1). Flagella 3 . rp 

T\ //• • v ,r- «« ' * • • lRIMASTIGIDAE 

Dallinyeria K. (Fig. 37, 6); Costia Leclercq. 

'• Plagella 4 or " lore : Illostl y parasitic in Metazoa. Poi.vn astioidae 

, l7^iZ7L1Zi ; Tetramitm Perty (Fig - 37 - 7); Huamitus 

K Flagella numerous, sometimes constituting a complete ciliiform invest- 

pa^Uict iSor 7 aCC ° ,npanied by a " ,indulatin S ™“*™»e : 

(a) Flagella long : nucleus single: parasitic in insects Trichonymphidae 

J ■ f ldy / J . ueiua Grassi 1 Pyrsonympha Leidy ; Tricho- 
... riympha Leidy ; Lophomonas St. ; Maupasia Scliew. 

( ) Flagella short, ciliiform, uniformly distributed : nuclei 

numerous, all similar: parasitic in Amphibia Opattvi ^ 

Opalina Purkinje and Valentin (Fig. 41 ). * MI,AK 

VOLVOCACEAE 

A < ssi w 25 

<£ss. xzrsss 

R “ ’I,',”, ^ "‘'Won. ,, 
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II. Dinobryon 12.Syncry pt* 13. Anlho|>hysa H. Rhododendron 

Fro. 37.— Various forms of Flagellate. 2, 6-8, 10, 13, 14, Protom astigaceae ; H, 12, 
Chrysomonadaceae ; 9, Cryptomonadaceae ; 1, 3, Euglenaceae ; 4, Pantostomata : n 
branched stalk in 13 ; branched tubular theca in 14 ; distinct thecae in 11 
and theca in 10. In 2, flagellate (a) and amoeboid ( h ) phases are shown ; in » 
flagellate (a) and Heliozoan (6) phases 1 ; in 8 are shown two stages in the . 


Miigcimu; \uj auu v v / r ,,Mr » — o — - i p . 

of a food particle (/) ; chr , plastoids ; c.txic, contractile vacuole ; /, food parucic , 
gullet ; f, theca ; nu, nucleus ; />, protoplasm ; per , peristome ; w. i, vacuole » 
ingestion. (From Parker and Haswell, mostly from Biitschli’s Protozoa . ) 

1 Di-warp ha is now referred to Heiiozoa (p. 70). 
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The modes of nutrition are threefold : the simplest forms 

live in liquids containing decaying organic matter which they 

absorb through their surface (“ saprophytic ”) : others take in food 

either Amoeba fashion, or into a vacuole formed for the purpose, 

or into a definite mouth (“ holozoic ”) : others again have coloured 

plastids, green or brown or yellow (“ holophytic ”), having the 

plants faculty ot manufacturing their own food-supply. But we 

meet witli species that show cliromatophores at one time and 

lack them at another ; or, again, the same individual ( Euylena ) 

may pass from holozoic life to saprophytic (Par amoeba , some 
Dinoflagellates) as conditions alter. 

Many secrete a stalk at the hinder end: by “ continuous ” 
formation of this, without rupture at fission, a branching colony 
is formed (Polyoeca). This stalk may have a varying consistency 
111 Anthopkysa (Fig. 37, is) it appears to he due to the 
welding of excrementitious particles voided at the hinder end of 
the body with a gelatinous excretion ; but the division of the 
stalk is here occasional or intermittent, so that the cells are found 
m tuits at the apex of the branches. A corresponding secretion 
gelatinous or chitmous, around the body of the cell forms a cup 

; F . theCa ’ Wlthln which the <*11 lies quite free or sticking to it 
by its surface, or attached to it by a rigid or contractile thread. 
The theca again may assume the form of a mere gelatinous mass 

tl.et 1 11 “ 1 ' b " dle3 ma y be completely plunged, so that only 

7“ fonn 

° , Whd ' “ lying for some way alongside and 

ultimately diverging. I„ the b „ lld ,( n „ 

the form of a branching Confervoid 1 ° J 7 assumes 

and tough, or striated as in Euglenaceae or it 7 ^ ^ ^ 

: c s: ( : — 

*■': rcse,nl )ling the thread like water Al-ae 

flagellate Pulykriko, presses true'neniatuev’ t C !' l0r ' m ' 0nadaCeae - : and the Di, ‘°- 
VOL. I nunatocysts (see j>. 
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Coccolithophoridae, a family of Chrysomonadaceae, is strengthened 
by embedded calcareous spicules (“ coccoliths,” “ cyatholiths,” 
“ rhabdoliths ”), which in the most complex forms (cyatholiths) 
are like a shirt-stud, traversed by a tube passing through the 
stem and opening at both ends. These organisms 1 constitute a 
large proportion of the plankton ; the spicules isolated, or in their 
original state of aggregation (“ coccospheres,” “ rhabdospheres ”), 
enter largely into the composition of deep-sea calcareous oozes. 
They occur fossil from Cambrian times (Potsdam sandstone of 
Michigan and Canada), and are in some strata extremely 
abundant, 800,000 occurring to the mm. cube in an Eocene marl. 

The Silicotlagellates have siliceous skeletons resembling that 
of many Radiol aria, to which they were referred until the living 
organism was described (see pp. 79, 8G f.). 

The flagellum has been shown by Fischer to have one of two 
forms: either it is whip-like, the stick, alone visible in the fresh 
specimen, being seen when stained to be continued into a long 
lash, hitherto invisible ; or the whole length is fringed with 
fine ciliiform lateral outgrowths. If single it is almost always 
protruded as a tugging organ (“ tractellum ”) ; 2 the chief 
exceptions are the Craspedomonads, where it is posterior and 
acts as a scull (“ pulsellum ”), and some Dinodagellates, where 
it is reversible in action or posterior. In addition to the anterior 
flagellum there may be one or more posterior ones, which trail 
behind as sense organs, or may anchor the cell by their tips. 
Dallinyeria has two of these, and Bodo saltans a single anterior 
anchoring lash, by which they spring up and down against the 
organic debris among which they live, and disintegrate it. The 
numerous similar long flagella of the Trichonymphidae afford a 
transition in the genus Pyrso nympha, to the short abundant cilia 
of Opalina, usually referred to the Ciliate Infusoria. 


1 Fora full monograph of this family sec H. Lolimann, in Arch. f. Protistcn 
kuntle , vol. i. 1902, p. 89. 

2 Delage has well explained the action of the single anterior flagellum which 
waves in a continuous spiral like a loaded string whirled round one s head , it 
thus induces a movement of the water, heyond its actual range, backwards and 
outwards, maintained hy a constant influx from behind, which carries the ce 
onward at the same time that it necessarily rotates round its axis. If there is 
a pair of symmetrically placer! flagella they co-operate like t lie arms of a swimmer , 
when the second flagellum is unilateral the motion is most erratic, as seen in t o 
Bodonidae (and the zoospores of many Chytridieae, which have most of the 
characters of the Flagellates, though habitually removed to the Fungi). 
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An undulating membrane occurs, sometimes passing into the 
flagellum in certain genera, all parasitic, such as Trypanosoma 
(mcl. Herpetomonas ), Trichomonas, Hexamitus, and Dinenympha 
In some arses the Hagellum (or flagella) is inserted into a 
definite pit, which in allied forms is the mouth-opening. The 
contractile vacuole is present in the fresh-water forms, but not 
m all the marine ones, nor in the endoparasites. It may be 
single or surrounded by a ring of minute “ formative ” vacuoles 
ot discharge into a permanently visible “ reservoir.” This a-ain 

may discharge directly to the surface or through the pit or dnal 
in which the flagellum takes origin (Eo plena). 

Ihe ‘j chrornatophore ” may be a single or double plate or 
mu t.ple In the peculiar form Paramoeba the chrornatophore may 
degenerate and be reproduced anew. It often encloses rounded or 

as “ py renohls” U Tl ^ plasma ’ refractive, known 

t . H ■ Vy ° d These ’ llke the ch romatoph ores, multiply by direct 
fission. Ihe “reserves” maybe (1) fat-globules; (2 granul s o 

Fission is usually longitudinal in the active i 
few exceptions are recorded. Encystment i, ! ate ; a 

-I in the coloured forms the "cyst L L 0^7' ’ 
a;™ 10 ", thc ■*« i- usually n.ultiple;- ° f “ lluloK - 

foin.s, however, vegetative growth often 

active state; the blepharonllst i h rood -formation ” in the 

to continue the motion of the flagon? of persist ' 

the rest of the plasm divides to for/T , 16 pareut ’ while 

1ms been observed in many species * 1^' C ° nju ^ ation 
Chlamydornonas it takes place 1 some s P ecies of 

‘ The colouring matter is IT 0,16 ^ b ° th ° f two 

yefoiv and brown forms the additfolal’ CO,onrin 8 n '“«cr. I„ the 

’ Vmluyt TJr 1 D,at ° mS “ '■> - -e ^ “ “"A 

Itaoul France, Di e also occurs. See 
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cecils have come to rest, but in most cases it occurs between 
active cells. We find every transition between equal unions and 
differentiated sexual unions, as we shall see in discussing the 
Volvocaceae . 1 The “ coupled-cell ” differs in behaviour in the 
different groups, but almost always goes to rest and encysts at 
once, whatever it may do afterwards. 

The life-history of many Flagellates has been successfully 
studied by various observers, and has shed a flood of light on 
many of the processes of living beings that were hitherto 
obscure. The first studies were carried through by the patient 
labours of Drysdale and Dallinger. A delicate mechanical stage 
enabled the observer to keep in the field of view a single 
Flagellate, and, when it divided into two, to follow up one of the 
products. A binocular eye-piece saved much fatigue, and 
enabled the observers to exchange places without losing sight of 
the special Flagellate under observation ; for the one who came 
to relieve would put one eye to the instrument and recognise the 
individual Flagellate under view as he passed his hand round to 
the mechanism of the stage before the first watcher finally 
relinquished his place at the end of the spell of work. Spoon- 
feeding by Mrs. Dallinger enabled such shifts to be prolonged, 
the longest being one of nine hours by Dr. Dallinger. The life- 
cycles varied considerably in length. It was in every case found 
that after a series of fissions the species ultimately underwent 
conjugation (more or less unequal or bisexual in character) ; ‘ 

1 And also in the “Monads,” described by Dallinger and Drysdale, see above. 

2 In Ctrcomonas dujardinii , Polytoma uvtlla , and Tetramitus rostratus the 
gametes resemble the ordinary forms and arc isogamous. In Monas dal lingtri and 
Bodo caudatus conjugation takes place between one of the ordinary form and size 
and another similar but smaller. In Dallinycria drysdali the one has the ordinary 
size and form, the other is equal in size, but has only one flagellum, not three ; m 
Bodo saltans they are unequal, the larger gamete arising in the ordinary way by 
longitudinal fission, the smaller by transverse division. Doubt has been throw n 
on the validity of our authors’ results hy subsequent observers abroad ; but I can 
find no evidence that these have even attempted to repeat the English observations 
under the same severely critical conditions, and therefore consider the attacks so 
far unjustified. Schaudinn has observed conjugation between Trichomonas indi- 
viduals which have lost their flagella and become amoeboid ; also in Lamblia intcs ■- 
tinalis and in Trypanosoma ( Halter idium ?) noctuae (Fig. 39) “ Reduction-divisions 
(see p. 75, note 1) of the nuclei take place before fusion, and the nuclear pheno- 
mena are described as “complicated ” ( Arb . Kais. Ocsundheitsamte, xx. 1904, p. 387). 
Paramotba eilhardii in its adult state is colourless, amoeboid, multiciliate. It forms 
a brood cyst, from which are liberated flagellate zoospores, with a chromatophore, 
which reproduce by longitudinal fission in this state. They may also conjugate. 
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the zygote encysted ; and within the cyst the protoplasmic body 
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the 
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anchored form ; B, 1 01 1 g! t u di , mTn'sim, ofl " m , ed “ the springing movements of t 
same ; D, iissio’n " f ‘ 

anchored form ; E 5 , zygote : E«. i'J.' . ?' IJU B at,on “< free-swimming wi 


amdmred form ; E\ avg,,^ E« nds n . ' c ? nju e ation of free-swimming with 
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spores discharged by the rupture of the cyst (Fig. 38) These spores 
grow from a size too minute for resolution by our microscopes 
into the ordinary flagellate form. They withstand the effects of 
drying, if this be effected immediately on their escape from the 
ruptured cyst ; so that it is probable that each spore has itself 
a delicate cyst- wall and an aplanospore, from which a single 
zoospore escapes. The complex cycle, of course, comprises the 
whole course from spore-formation to spore-formation. Such 
complete and regular “ life-histories,” each characteristic of the 
species, were the final argument against those who held to the 
belief that spontaneous generation of living beings took place in 
infusions of decomposing organic matter. 

Previous to the work of these observers it had been almost 
universally believed that the temperature of boiling water was 
adequate to kill all living germs, and that any life that appeared 
in a closed vessel after boiling must be due to spontaneous change 
in its contents. But they now showed that, while none of the 
species studied resisted exposure in the active condition to 
a temperature of 138°-140° F., the spores only succumbed, in 
liquid, to temperatures that might even reach 268° F., or when 
dry, even 300° F. or more. Such facts explain the constant 
occurrence of one or more such minute species in liquids putre- 
fying under ordinary conditions, the spores doubtless being 
present in the dust of the air. Very often several species may co- 
exist in one infusion; but they separate themselves into different 
zones, according to their respective need for air, when a drop of 
the liquid is placed on the slide and covered for examination. 
Dallinger 1 has made a series of experiments on the resistance of 
these organisms in their successive cycles to a gradual rise of 
temperature. Starting with a liquid containing three distinct 
species, which grew and multiplied normally at 60' F., he placed 
it under conditions in which he could slowly raise the tempera- 
ture. While all the original inmates would have perished at 
142° F., he succeeded in finally producing races that throve at 
158° F., a scalding heat, when an accident put an end to that 
series of experiments. In no instance was the temperature raised 
so much as to kill off the beings, so that the increased tolerance of 
their descendants was due not, as might have been anticipated, 
to selection of those that best resisted, but to the inheritance of 

1 In P.R.S. xxvii. 1878, p. 332. 
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an increased toleration and resistance from one generation or 

cycle to another. 

%/ 

As we noted above (p. 40), the study of the Flagellates has 
been largely in the hands of botanists. After the work of Butschli 
in Bronn’s Thier-Reich, Klebs 1 took up their study ; and the prin- 
cipal monographs during the last decade have appeared in Engler 
and Prantls Pflanzenfamilien, where Senn 2 treats the Flagellates 
generally, Wille 3 the Volvocaeeae, and Sclnitt the “ Peridiniales ” 
or Dinoflagellata ; 4 while only the CystoHagellata, with hut two 
genera, have been left to the undisputed sway of the zoologists. 5 

Among this group the majority are saprophytes, found in 
water containing putrefying matter or bacteria. * The forms so 
carefully studied by Ballinger and Drysdale belong to the genera 
Bodo > Cercomonas, Telramitus, Monas, and Railing, ria. Many 
others are parasites in the blood or internal cavities of higher 
animals, some apparently harmless, such as Trichomonas vaginalis, 
parasitic in man, others of singular malignity. Costia necatrix, 
infesting the epithelial scales of fresh-water fish, often devastates 
hatcheries. The genus Trypanosoma, Gruby, contributes a 
number of parasites, giving rise to deadly disease in man and 
'east.' T.Jmisu is common in Rodents, but is relatively harm- 
! eSS : /.emnsii is the cause of the Surra disease of Ruminants 
in India, and is apparently communicated by the bites of “ large 
l.rown flies” (almost certainly Breeze Flies or Tabanidae Vol VI 
p. 481). T. hrucei, transferred to cattle by the Tsetse Fly,’ Glossina 
morsitans (see Vol. VI. Fig. 244, p. 513) in Equatorial Africa, is 
the cause of the deadly Nagana disease, which renders whole 
tracts of country impassable to ox or horse. Other Trypanosomic 
diseases of animals are, 1,1 Algeria and the Punjab, ^dourine ” 
infect,,, g horses , and dogs; in South America, Mai de Calms 
(falling-sickness) an epidemic paralysis of cattle. During the 
printing of tins book, much additional knowledge has been gained 

"I thG ^ e,, g enders - The Trypinosorrdc 

3 In the Cklor&pliyct-ue^ 1 TeU* Abt 2 1897 I Tel '’ AbL L a ’ 190 °- 

5 Besides the above Dancreard fn t ! . ?' Teil - Abt - 1- b. 1896. 

has treated of most of the groups and llls I ,eriofIical Le Hot anisic , 

r:z “ szsz *****. - ™r,r 

* 

1. 1906, p. 151. ’ ri,C "““‘olUeellate.,- in Quart. Journ. Mar. Sci. 
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fever recently recognised on the West Coast has been found to be 
the early stage of the sleeping-sickness, that well-known and most 
deadly epidemic of Tropical Africa. Through the researches of 
Castellani, Nabarro, and especially Colonel and Mrs. Bruce, we know 
now that the parasite T. gambiense is transferred by an inter- 
mediate host, a kind of Tsetse FTy (Glossina palpalis). Schaudinn’s 
full study of a parasite of the hlood corpuscles of the Owl has 
shown that while in its intracorpuscular state it resembles 
closely the malarial parasites in behaviour, and in its schizogenic 
multiplication, so that it was considered an Acystosporidian, 

under the name of 
Hall eri w ra , i t i s rea 1 ly 
a Trypanosoma ; 1 for 
the accomplishment of 
successful sexual re- 
production it requires 
transference to the 
gut of a gnat ( Culex ). 
The germs may infect 
the ovary, and give 
the offspring of the 
insect the innate 
power of infecting 
Owls. Thus a new 
lirrht is shed on the 

Fig. 39. — Morphology of Trypanosoma. a-J\ Stages in ® 

development of Trypanosoma nocluae from the Origin of the LOCCl- 

active zygote (“ookinete”); b, first division of ]• pp p whose “ blasts ” 

nucleus into larger (trophic) and smaller (kineto-) 1 

nucleus; c, d, division of smaller nucleus and its ill the insect host re- 

transformations to form “ blcplmroplast ” and inyo- , , TrunanOSOma 

Heines;/, adult Trypanosoma ; g , h % i, Treponema demine Ut 

zeemannii of Owl ; g, Trypanosome form ; h, in their morphology. 
Spirochaeta form ; i, rosette aggregate. (After rp. m 1TYlon Tick 
Schaudinn.) liie numafl A 

fever of the Western 
United States and the epizootic Texas fever are known to be due 
to blood parasites of the genus Piroplasma ( Babesia ), of which 
the free state is that of a Trypanosome. It appears certain that 
Texas fever, though due to Tick bites, is not transferred directly 
from one beast to another by the same Tick ; but the offspring 
of a female Tick that has sucked an infected ox contains 
Trypanosome germs, and will by their bites infect other animals. 

1 Doubts still subsist as to the interpretation of Schaudinn's observations. 
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It would seem probable that the virulence of the Persian Tick 
(Argas jicrsica) is due to similar causes. The Indian maladies known 
as “ Kala Azar ” and “ Oriental Sore ” are characterised by blood 
parasites, at first called after their discoverer the “ Leishman 
bodies,” which have proved to be the effects of a Piroplasma. 

Trypanosoma is distinguished by the expansion of its flagellum 
into an undulating membrane, that runs down the edge of the 
body, and may project behind as a second lash. In this mem- 
brane run eight fine muscular filaments, or myonemes, four on 
either surface, within the undulating membrane ; at their lower 
end they are all connected with a rounded body, the “ blepharo- 
plast,” which is here in its origin, as well as in its behaviour in 
reproductive processes, a true modified nucleus, comparable in some 
respects, as was first noted by Plimmer and Pose Bradford, 1 with 
the micronucleus of the Infusoria. Part of the segmentation 
spindle persists in the form of a filament uniting the blepharoplast 
with the large true functional nucleus (Fig. 39, a-f). 

Die blood of patients suffering from relapsing fever contains 

a fine wriggling parasite, which was described as a Schizomycete 

allied to the bacteria, and hitherto termed Spirochaeta obermeieri 

Schaudmn has shown that this and other similar blood parasites 

are closely allied to Trypanosoma ; and since the original genus 

was founded on organisms of putrefaction which are undoubtedly 

Sc nzomycetes, Vuillemin has suggested the name Treponema 

T. palhdum rs found in syphilitic patients, and appears to be 
responsible for their illness. 2 

The Craspedomonadidae (often called Choanoflagellates Fig 

40) are a group whose true nature was elucidated some ’forty 
years ago by the. American zoologist, H. James-Clark. They are 
attached either to a substratum, by a stalk produced by the base 

&&U rr or T ‘T 

— • » ~ “ rr ds 

o Quart. Journ. Mi cr . Sci. xlvi. 1902. 

A Zamhezian Tick infects man with a 7V ■ „ , 

another species is found in the tropical disease ‘‘fm.T"’ ! ,r< " hl(,,n * fever ; 

Stated by Gcza Ent* an.l Haoul France to 1 e ‘'“T - va «' s " l,r " "). 

I'lasinic membrane, and to be like a „ r . ue lo thc s l'"al twisting of a 
edge., overlapping. a f ° r " lcd ^ twisting paper, with the free 
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The agitation of the flagellum determines a stream of water 
upwards along the outer walls of the funnel ; and the food- 
particles brought along adhere to the outside of the funnel, and 
are carried by its streaming movement to the basal constriction, 
where they are swallowed by the plasma, which appears to form 
a swallowing vacuole at that point. Longitudinal fission is the 
ordinary mode of reproduction, extending up through the funnel. 
If the two so formed continue to produce a stalk, the result is 





t.Monosiga. 2. Salpingo© ca. 3.Polyoeca. 4.Proferospongi0' 

Fin. 40. — Various forms of Ciaspedomonadidae. 2, a, Adult cell ; 2, b, longitudinal 
fission ; 2, c, the production of flagellulae by brood-formation ; c, collar ; c.vac, con- 
tractile vacuole ; J l , flagellum ; l, theca ; ni/, nucleus ; stalk. (After Saville Kent.) 


the formation of a tree-like stem, whose twigs bear at the ends 
the funnelled cells, or “ collar-cells ” as they are usually called. 
In Salpingoeca, as in so many other Flagellates, each cell forms a 
cup or theca, often of most graceful vase-like outline, the rim 
being elegantly turned back. Proterospongia (Fig. 75, p. 182) 
secretes a gelatinous investment for the colony, which is attached 
to solid bodies. In this species, according to Saville Kent, the 
central members of the colony retract their collar, lose their 
flagellum, become amoeboid, and finally undergo brood-formation 
to produce minute zoospores. This is the form which by its 
differentiation recalls tfie Sponges, and has been regarded as a 
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transition towards them ; for the flagellate, nutritive cells of the 
Sponges are provided with a collar, which exists in no other 
group of Metazoa (see pp. 171, 181, and Fig. 70, p. 1 7 tl). 
The most recent monographer of the family is Raoul France, 
hut James-Clark and Saville Rent did the pioneering work 

Of the life-history of the Trichonymphidae, 1 all of which arc 
parasitic in the alimentary canal of Insects, especially Termites or 
M hite Ants (\ ol. A . p. 356), nothing is known. Some of them 
have a complete investment of motile flagella, like enormously 



I 1 41. — Opalina 
ro nn rum. A, liv- 
ing specimen ; B, 
stained specimen 
showing nuclei ; 
C. stages in nuc- 
lear division ; 
D-F, stages in 
fission ; G, final 
product of fission ; 
H. encysted 
form ; I. young 
form liberated 
from cyst ; K, the 
same after multi- 
plication of the 
nucleus has begun, 
n N u c 1 e u s. 

(From Barker's 
Ji after 

Saville Kent and 
Zeller.) 


long cilia, which in Dinevi/vijiha appear to coalesce into four 
longitudinal undulating membranes / mi ?, . . , . 

S llt 01 the Cockroach and Mole-cricket Tl.onmi; -i , 

also a complete investment of cilia whir), 1 }* l V <X ° li,ve 

of . Ciliute to t, . „ 7, , ; ; BiV "" ,C 

*»l.ite the outward reoemblu.l , “ l ™' 1 <“ " ;it " l!„t 
be as many as ‘>00 are all ■* \ * IU , K ei ’ ° w kicli there may 

* '» .•'»». JtlKf 7, r e X, , r 

,n “ t 11 

and Sandias in Quart. J„urn. Micr 6W of this group see Grassi 

• xxxix. (figures) and xl. p. 1 (text), 1697 . 
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irregularly and at intervals, resolving finally into 1 -nucleate frag- 
ments, which encyst and pass into the water. When swallowed 
the cyst dissolves, its contents enlarge, and ultimately assume 
the adult form. 1 

Maupasia has a partial investment of cilia, a single long 
flagellum and mouth, a contractile vesicle, and a single simple 
nucleus. It seems to find an appropriate place near the two 
above groups, though it is free, and possesses a mouth. 

Among the Euglenaceae, Euglena viridis is a very common 



Fia. 42. — Longitudinal Fission of Eutreplia viridis (Euglenaceae), showing chloroplasts, 

nucleus, and flagella arising from pharynx-tube. (After Steuer. ) 


form, giving the green colour to stagnant or slow-flowing ditches 
and puddles in light places, especially when contaminated by a 
fair amount of dung, as by the overflow of a pig-sty, in company 
with a few hardy Rotifers, such as Hydatina senta (Vol. II* ^ 1 o' 
106, p. 199) and Brachionus. Euglena is about 01 mm. in 
length when fully extended, oval, pointed behind, obliquely trun 
cate in front, with a flagellum arising from the pharyngeal pit. 
It shows a peculiar wriggling motion, waves of transverse con 
striction passing along the body from end to end, as well as 
flexures in different meridians. Such motions are terinet 
“ euglenoid.” The front part is colourless, but under a l (,w 

1 Bezzcnbcrgcr has given an analytical table of the eleven known species of the 
genus Opalina in Arch. Protisl. iii 1903, p. 138. 
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power the rest of the cell is green, owing to the numerous chloro- 
phyll bodies or chloroplasts. The outermost layer of the 
cytoplasm shows a somewhat spiral longitudinal striation, 
possibly due to muscular fibrils. The interior contains many 
laminated plates of paramylum, and a large single nucleus. At 
the front of the body at the base of the flagellum is a red “ eye- 
spot on the dorsal side of the pharynx-tube or pit, from which 
the flagellum protrudes. Wager has shown that this tube 
receives, also on its dorsal side, the opening of a large vacuole, 
sometimes called the reservoir, for into it discharges the contrac- 
tile vacuole (or vacuoles). The eye-spot is composed of numerous 
granules, containing the vegetal colouring matter “ haemato- 
chrome.” It embraces the lower or posterior side of the com- 
munication between the tube and the reservoir. The flagellum 
has been traced by Wager through the tube into the reservoir 
iranchmg into two roots where it enters the aperture of 
communication, and these are inserted on the wall of the 
reservoir at the side opposite the eye-spot. But on one of the 
roots near the bifurcation is a dilatation which lies close against 
>e eye-spot, so that it can receive the light reaction. Euglena 
.s an extremely phototactic organism. It shows various wrig- 
glmgs along the longitudinal axis, and transverse waves of 
conti action and expansion may pass from pole to pole. 1 

; mong the Uirysomonadaceae the genus Zooxanthella, Brandt 
has already been described under the Eadiolaria (p. 86) in the 
. ly of which it ,s symbiotic. It also occurs in similar union in 

• uSv'S "" E™,™ t0 I*""— of '• ml snow - „„1 

for th, variations " re '"" kab,e 

behaviour of the gametes 1 <5 . P CS in the character and 

times of two sizes. 8 In somP T th ® y 1X16 e( l uul - at othei ' 

approximation, in the naked activeTt t 167 ^^i lmmediatel T 011 


TT' y 

also occur i„ ma uy Sporozoa contrad.stmctiou to “amoeboid." They 
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as in the Algal Conjugatae. Zoochlorella is symbiotic in green 
Ciliata (pp. 153 f., 158), Sponges (p. 175), Hydra (p. 25 G), and 
Turhellaria (Vol. IT. p. 43). 

Of the Volvocidae, Volvox (Fig. 44) is the largest and most 
conspicuous genus. Its colony forms a globe the size of a pin’s 
head, floating on the surface of ponds, drains, or even puddles or 
water-barrels freely open to the light. It has what may be 
be called a skeleton of gelatinous matter, 1 condensed towards the 
surface into a denser layer in which the minute cells are 
scattered. These have each an eye-spot, a contractile vacuole, 
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mi 
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j j y 
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Fro. 43. — Sphaerella 
pluvialis. A, motile 
stage ; B, resting 
stage ; C, D, two 
modes of fission ; E, 
Sphaerella lacustris , 
motile stage, c/tr, 
Chromatoph ores ; 
c.vac , contractile 
vacuole ; c.w, cell- 
wall ; Jl, flagella ; 
na, nucleus ; nu, nu- 
cleolus ; pyr% pyre* 
noids. (From Par- 
ker’s Biology.) 


and two flagella, by the combined action of which the colony is 
propelled. Delicate boundary lines in the colonial wall mark 
out the proper investment of each cell. The cells give off 
delicate plasmic threads which meet those of their neighbours, 
and form a bond between them. In that half of the hemi- 
sphere which is posterior in swimming, a few (five to eight) 
larger cells (“ macrogun idia ” of older writers) are evenly distri- 
buted, protruding as they increase in size into the central jelly* 
Thr.se as they grow segment to form a new colony. The 
divisions are only in two planes at right angles, so that the 
young colony is at first a plate, but as the cells multiply the 

1 Within which is often harboured the Rotifer, Proales parasita, Vol. II. P* 227. 
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r ’l :lte bellds «1» («s in the gastrulation of the double cellular plate 
of the Nematode Cucu/lanus, Yol. II. p. 136), and finally forms a 

hollow sphere bounded by a single layer of cells : the site of the 
original orifice may be traced even in the adult as a blank space 
larger than exists elsewhere. Among the cells of the yomm 
colony some cease to divide, but continue to grow at an early 
perio , and these are destined to become in turn the mothers 




till.- same <l<irin K sexual maturity- c' tbur’zooi'inT'^ S .® V< T <l1 ,,a,, K , ‘ter-coloiiii's ; B, 
"““t ,,f iwrtlieuiigonidiuu, ; riu snerZ'n. sei ' tio " : D ‘ D b >!>’ 

| »e 1 in. P.irtheiiogonitlia ; // f|;,rr e ]j um . 7,. I" 1 ’ s P ei 1,1 ; G, ovum; H, 

/I S I ,C, ' ,I,S ; ty//. speriiiojronia «Uvi«lin</ to f ™ ’ °' !f ' ° va, ies; Pit* pigment 

liiuloyy, after Cohn and K^dnicr.) * ,or,n s l’ er '"S- (From Parker’s 


1 1 ,T N* segmenting 

* «, r ^ ti - > ; 

«' the sphere as a who, , e ^ U 

tat, ve cells. Thus the ve»etativl ceTls s’' SL ‘ I,: ' ratl0 “ of the vege- 

mi PP’y of food material due to th i “ “T t0 " r0W : a11 tl,e 
nourisiinient of the p irthen 'i^ u ln K activities goes to the 

parthenogonidia, or the young colonies, as 
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the case may be. These vegetative cells have therefore surren- 
dered the power of fission elsewhere inherent in the lTotist cell. 
Moreover, when the sphere ruptures for the liberation of the 
young colonies, it sinks and is doomed to death, whether because 
its light-loving cells are submerged in the ooze of the bottom, 
or because they have no further capacity for life. When conju- 
gation is about to take place, it is the cells that otherwise would 
be parthenogonidia that either act as oospheres or divide as 
“ spermogonia ” to form a flat brood of minute yellow male cells 
(“ sperms ”). These resemble vegetative cells, in the possession 
of an eye-spot and two contractile vacuoles, but differ in the 
enormously enlarged nucleus which determines a beaked process 
in front. After one of these has fused with the female cell 
(“ oosphere ”) the product (“oosperm”) encysts, passes into a 
stage of profound rest, and finally gives rise to a new colony. 
The oospheres and sperm-broods may arise in the same colony or 

in distinct ones, according to the species. 

Before we consider the bearings of the syngamic processes o 

Volvox, we will study those presented by its nearer allies, wine 1 
have the same habitat, but are much more minute. Three o 
these are well known, Stephanosphaera , Pandorina , and Eudonna, 
all of which have spherical colonies of from eight to thirty- wo 
cells embedded at the surface of a sphere, and no differentia ion 
into vegetative cells and parthenogonidia (or reproductive ce sj. 

Stephanosphaera has its eight cells spindle shaped, ant yu'o 
along equidistant meridians of its sphere; in vegetative re - 
duction each of these breaks up in its place to form a young co ony, 
and the eight daughter-colonies are then freed. In conjuga iom 

each cell of the colony breaks up into broods of 4. 8, > or , 

small gametes, which swim about within the general enve ope, ^ 
pair and fuse two and two : this is “ isogamous, enc °8 am 
conjugation. In Pandorina (Fig. 45) the cells are rount e , a 
from 16 to 32 in each polony. The vegetative reproduc > 
this, as in Eudorina , is essentially the same as in Stephanosp ^ 

In conjugation the cells are set free, and are of three s ^ 

different colonies, small (S), medium (M), and large 

following fusions may occur : S x S, S x M, S X L, * ' y 

Thus the large are always female, as it were, the me mm ' 
play the part of male to the large, female to the sma , ' 

small are males to the medium and to the large. Ihe me 



PROTOZOA 


CHAP. 


130 


to form tissues, and condemned to ultimate death with the body 
as a whole, and those that ultimately give rise to the repro- 
ductive cells, ova, and sperms. 13ut this is a mere parallelism, 
not indicating any sort of relationship : the oospores of the 
Yolvocaceae show that tendency to an encysted state, in which 
fission takes place, that is so characteristic of Algae, and these 
again show the way to Cryptogams of a higher status. Thus, 
Volvox, despite the fact that in its free life and cellular differen- 
tiation it is the most animal of all known Flagellates, is yet, 
with the rest of the Volvocaceae, inseparable from the Vegetable 
Kingdom, and is placed here only because of the impossibility 
of cleaving the Flagellates into two. 

The Dinoflagellata (Figs. 4G, 47) are often of exceptionally 
large dimensions in this class, attaining a maximum diameter 
of 150 /x ( X J 0 ") and even 375 /x C,. 1 ^") in Pyrocystis noctiluca. The 
special character of the group is the presence of two Hagella ; the 
one, filiform, arises in a longitudinal groove, and extending its whole 
length projects behind the animal, and is the conspicuous organ 
of motion : the other, band-like, arises also in the longitudinal 
groove, but extends along a somewhat spiral transverse groove, 
and never protrudes from it in life, executing undulating move- 
ments that simulate those of a girdle of cilia, or a continuous 
undulating membrane (Fig. 4G). This appearance led to the 
old name “ Cilioflagellata,” which had of course to be abandoned 
when Klebs discovered the true structure. 2 There is a distinct 
cellulose membrane, sometimes silicified, to the ectoplasm, only 
interrupted by a bare space in the longitudinal groove, whence 
the flagella take origin. This cuticle is usually hard, sculptured, 
and divided into plates of definite form, bevelled and over- 
lapping at their junction ; occasionally the cell has been seen 
to moult them. 

A large vacuolar space, traversed by plasmic strings separates 
the peripheral cytoplasm from the central, within which 1S 
the large nucleus. There are in most species one or more chro- 
matophores, coloured by a yellowish or brownish pigment, which 
is a mixture of lipochromes, distinct from diatom in. In a lew 
species the presence of these is not constant, and these species 

1 In the Adinidae there i.s no groove ; the two lashes arise close together, and 
the one is coiled round the base of the other. 

- In Uni. Inst. TUlnmjrn, i. 1833, p. 233- 
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As in most coloured forms an eye-snot is nf L gr ° 0ves ’ 

shaped aggregation of pi er men t with a i p t - '* l nesenfc * a tup- 

in its hollow. A contrac tile vacuole ‘ " refnictlve body 

1,ere termed a “ pusule,” occurs in 
many species, communicating with 
the longitudinal groove by a canal. 

JVematocysts (see p. 24G f.) are 
present in Polykrikos, trichocysls 
(see p. 142) in several genera. 

Division is usually oblique, 

dividing the body into two dis- 
similar halves, each of which has 
to undergo a peculiar growth to 
leconstitute the missing portion, 
uud complete the shell. The in- 
complete separation of the young 

leads to the formation of I 

chains, notably i n Cerati ^ L ~ - <i 

th« latter da.Zg * 

S» , ““ <• - S!“ .2 = ‘ 

cnains oi as many as eight. Tlie 

process of division may take place 

Again, 1 encystmen t^may ^ “ iu ^ocystis (Fig. 47) 

the for -tio„ of a fission> ”*"*»* - 

suggested that these are capable of U l>as been 

and conjugating in pairs. 1 1 P ying thu Part of gametes, 

1Hg at'he surSand Part in habit, float- 

water lakes or even ponds red , , tUlge t,lu water of fresli- 

a "d Cera ti*m (the latter re.narklbl ^7”' J>eridinium (Fig. 4G) 
Prolongations of the lower end) are co.nm ho, ' n ' like backward 

J UJ "‘ ,n0n geu cru both in the sea 
nii.'S‘ , :r U,,ShaS observed by y, , , 

from either mate C ° m,ect,n S tube is formed by ^ T ’ I)ent * ch - Grs. 



^ ' •'•“^averse groove • 

by fonnar ° Ule VaC "° le s,,r ' ou.„le,i 
(After Sclmtt.) ’ " Ucle,ls - 
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and fresh -waters. Gy m nodiniuvi pulvisculus is sometimes parasitic 
in Appendicular ia (Vol. VII. p. G8). Polykrikos 1 lias four trans- 
verse grooves, each with its flagellum, besides the terminal one. 

» Many of the marine species 

f\ are phosphorescent, and play 
f \ a large part in the luminosity 
/ Al of the sea, and some give it 

[ f SW Several fossil forms have 

II Mil been described. Peridiniuin 

is certainly found fossil in 

vll ^he ^ res ^ one ^e- 

I L 1 longing to the Cretaceous. A 
/ PvVJJ I full monograph of the group 
I j under the name “ Per id i- 

l n hiles ” was published by 

1 I The ty stofla £ ellates con " 

B tain only two genera, 3 Nocti - 

XXY%^a\ l yxa > comraon ^ ie SU1 ^ ICL 

\ X J f ranf l u ^ seas, 

\ Yr fa 1 as name implies, it gives 
yfljjj phosphorescence, and Lept<>' 

'wSvm wig in the Mediterranean. 

% J Noctiluca is enormous for a 
II Flagellate, for with the form of 
\r a miniature melon it measuies 

9 

Fio. 47 y — Pyrocystis fusiformut, Murray. about 1 mm. (tjl/) or inOie in 

x 100. From the surface in the Guinea i* . 7.. + i iri rtani’PHsioP 

Current (From Wyville Thomson.) diameter. Ill the fiepicssiu 

is the “ oral cleft,” from one 
end of which rises, by a broad base, a large coarse flagellum, 
as long as the body or longer and transversely striated. I 11 
front of the base of the flagellum are two lip- like proniin- 


1 According to Bergh, Polykrikos lias as many nuclei as grooves, each accompan 


ietl 


by one or more “micronuclei.” Possibly these latter bodies are merely blepharoplasts, 
in connexion with the transverse flagella. 

3 Engler and Prantl’s Pfianzenfamilim , 1. Teil, Abt. 1, 1896. 

3 The luminous genus, Pjfroeystis (Fig. 47), regarded as a Cystoflagellate by 
Wyville Thomson, h »s a cellulose wall, no mouth, and in the zoospore state has 
the two flagella in longitudinal and transverse grooves of the Dinoflagell&ta. 
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ences, of which one, a little firmer than the other, and trans- 
versely ridged, is called the tooth ; at the junction of the two is 
a second, minute, flagellum, usually called the cilium. Behind 
these the oral groove has an oval space, the proper mouth \ 
behind this, again, the oral groove is continued for some way, 
with a distinct rod-like ridge in its furrow. The whole body, 
including the big flagellum, is coaled by a strong euticular 
pellicle, except at the oblong 
mouth, and the lips and 
rod are mere thickenings 
of this. The cytoplasm has 
a reticulate arrangement : 
the mouth opens into a 
central aggregate, from 
which strands diverge 
branching as they recede 
to the periphery, where 
they pass into a continuous 
lining for the euticular 
wall, liquid filling the 

interspaces. The whole 
arrangement is not unlike 
that found in many plant- 
cells, but the only other 
Protists in which it occurs 

are the. Ciliata Trachdius (Fig. 56, p. 153) and Loxodcs The 
central mass contains the large nucleus. Noctiluca is an animal 
feeder, and expels its excreta through the mouth. The lame 
"agellum is remarkable for the transverse striation of its plasma 
especially on the ventral side. The cuticle may he moulted as 
the I’.noflagellates. As a prelude to fission the external 
hlk initiations disappear, the nucleus divides in the plane of the 
;> Ul groove and a meridional constriction parts the two halves 
"!‘ W uxten,al 01 ^ns being regenerated. Conjugation occurs 
’’ the two fusing by their oral region • theTm 

iudte Ve toT" S ai ‘ d I ; lmrynX dis,l W ,eilr 5 thu conjoined cytoplasms 
m te to loi m a sphere, and the nuclei fuse to form a zy-mte 

or ert.hsation nucleus. This conjugation is followed by spurn- 
lal iou or hrood-foriiuitioii . 1 J 1 


Fia. 48 .— XoctUuca miliar is, a marine Cysto- 
llagellate. (From Verworn.) 


I lus process lias the character ..I telolccithal se«' 


^mentation iu a M rta/x>an 
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The nucleus passes towards the surface, undergoes successive 
fissions, and as division goes on the numerous daughter -nuclei 
occupy little prominences formed by the upgrowth of the cyto- 
plasm of the upper pole. The rest of the cytoplasm atrophies, 
and the hillocks formed by the plasmic outgrowths around the 
final daughter-nuclei become separate as so many zoospores 
(usually 2o 6 or ,>12) ? each of these is oblong with a dorsal cap- 
ike swelling, from the edge of which arises a flagellum pointing 
ackwards , paiallel to this the cap is prolonged on one side into 
a style also extending beyond the opposite pole of the animal. 1 
In this state the zoospore is, to all outward view, a naked Dino- 
flagellate, whence it seems that the Cys to flagellates are to be 
regarded as closely allied to that group. leptodiscus is concavo- 
convex, circular, with the mouth central on the convex face, 

1 -flagellate, and attains the enormous size of 1*5 mm. ( T \'") in 
diameter. Tb 

The remarkable phosphorescence of Noctiluca is not constant. 

It glows with a bluish or greenish light on any agitation, but 
raiely when undisturbed. A persistent stimulus causes a con- 
tinuous, but weak, light. This light is so weak that several tea- 
spoonsful of the organism, collected on a filter and spread out, 
barely enable one to read the figures on a watch a foot away. 
As in other marine phosphorescence, no rise of temperature can 
be detected. 1 lie luminosity resides in minute points, mostly 
crowded in the central mass, but scattered all through the cyto- 
plasm. A slight irritation only produces luminosity at the point 
touched, a strong one causes the whole to flash. Any form ol 
irritation, whether of heat, touch, or agitation, electricity or 
magnetism, is stated to induce the glow. By day, it is said, 
Noctiluca , when present in abundance, may give the sea the 
appearance of tomato soup. 

The earliest account of Noctiluca will be read with interest. 
Henry Baker writes in Employ went for the Microscope : 2 — “A 
curious Enquirer into Nature, dwelling at Wells upon the Coast 
of Norfolk, affirms from his own Observations that the Sparkling 
of Sea Water is occasioned by Insects. His Answer to a Letter 
wrote to him on that Subject runs thus, ‘ In the Glass of Sea 
Water I send with this are some of the Animalcules which cause 
the Sparkling Light in Sea Water; they may be seen by holding 


1 S»;e Itofl'-in, in Zool. Juhrb. Anal. xiv. 1900. t». ! 


2 fiOTifloi), I7. r *’», JU’J. 
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tlie Phial up against the Light, resembling very small 1 '.ladders 
or Air Bubbles, and are in all Places of it from Top to Bottom, 
but mostly towards the Top, where they assemble when the Water 
has stood still some Time, unless they have been killed by keep- 
ing them too long in the Phial. Placing one of these Animal- 
cules before a good Microscope, an exceeding minute Worm may 
be discovered, hanging with its Tail fixed to an opake Spot in a 
Kind of Bladder, which it has certainly a Power of contracting 
or distending, and thereby of being suspended at the Surface, or 
at any Depth it pleases in the including Water.’” 

‘‘The above-mentioned Phial of Sea Water came safe, and 
some of the Animalcules were discovered in it, but they did not 
emit any Light, as my Friend says they do, upon the least Motion 
of the Plual when the Water is newly taken up. He likewise 
adds, that at certain Times, if a Stone be thrown into the Sea 
near the Shore the Water will become luminous as far as the 
1 O ion reacheth : this chiefly happens when the Sea hath been 
greatly agitated, or after a Storm.” Obviously what Mr. Sparshall 
Bakers correspondent, took for a worm was the large flagellum. ’ 
r . ^ ^! ef investigators of this group have been Huxley 

and DoS; 1 T , UtSC !“ li ’ and G ' 1>0uchet - virile Isehikawa 
and Doflein have elucidated the conjugation. 


CHAPTER VI 


PROTOZOA ( CONTINUED ) : INFUSORIA (CILIATA AND SUCTORIA) 


IV. Infusoria. 


Complex Protozoa , never liolophytic save by symbiosis with plant 
commensals , never amoeboid , with at some period numerous short 
cilia , of definite outline , a double nuclear apparatus con- 

sisting of a large meganucleus and a small micronucleus (or 
several )/ the latter alone taking part in conjugation (karyo- 
gamy) f and giving rise after conjugation to the new nuclear 
apparatus. 

The name Infusoria was formerly applied to the majority ol 
the Protozoa, and included even the Rotifers. For the word 


signifies organisms found in “ infusions ” of organic materials, 
including macerations. Such were made with the most varied 
ingredients, pepper and hay being perhaps the favourites. They 
were left for varying periods exposed to the air, to allow the 
organisms to develop therein, and were then examined under the 
microscope . 1 2 With the progress of our knowledge, group after 
group was split off from the old assemblage until only the ciliate 
or flagellate forms were left. The recognition of the claims of 
the Flagellates to independent treatment left the group more 
natural ; 3 while it was enlarged by the admission of the Acinetans 
(aS hictoriai), which had for some time been regarded as a division 
of the Rhizopoda. 


1 On this account Hickson has termed the group “Heterokaryota” in Lankestcr s 
Treat. Zool. i. fasc. 1, 190-0. 

2 See Baker, Employment for the Microscope, ed. 2, 1758. 

3 Saville Kent’s valuable Manual of the Infusoria (1880-1882), which gives 
figures of every genus and descriptions of every species known at that date, includes 
the Flagellates in its scope. 
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Infusoria, with a mouth , and cilia, by which they more and 
feed; usually with undulating membranes, mcmlrranellae, cirrhi, 
or some of these. Genera about 144: 27 exclusively marine, 50 
common to both sea and fresh water, 27 parasitic on or in Meta- 
zoa, the rest fresh water. Species about 500. 

We divide the Ciliata thus: 1 — 

(I.) Mouth habitually closed, opening by retraction of its circular or slit- 
like margin ; cilia uniform . Order 1. Gymnostomaceae. 

Lucrymaria , Elirb. ; Loxodes , Elirb. ; I.oxophyllum , Duj. ; Lionotua , 
Wrez. ; Trachelitis, Schrank ; Amphilept us, Elirb. ; Adinobolua , St. ; 
Dtdinium, St. ; Scaphiodon , St. ; Dystcria , Huxl. ; Cole-pa, Nitzscli. ; 
Dileptus, Duj.; lleonema, Stokes; Mcsodinium , St. 

(II.) Mouth permanently open, usually equipped with one or more undu- 
lating membranes, receiving food by ciliary action (Tricho- 
stomata, Biitschli) 

(a) Cilia nearly uniform, usually extending over the whole body, 
without any special adoral wreath of long cilia or meinbra- 
nellae ; mouth with one or two undulating membranes at its 
margin or extending into the short pharynx. 

Order '1. Aspirotrichaceae. 

Paramecium , Hill ; Colpoda , O. F. Mull. ; Colpidium , St. ; Leuco- 
phiya, Elirb.; Cyclidium , Cl. and L. ; Lembadion , Pertv ; 
Cinetochilum , Perty ; Pleuronema , Duj.; Annsfnm, Maup. ; 
Glaucoma , Elirb. ; Uronema , Duj. ; Lembus, Cohn ; Urocentrum , 
Nitzsch ; Icthyophtheorius , Fouquet. 

(^) Strong cilia or membranellac forming an adoral wreath, and 
bounding a more or less enclosed area, the “ peristome,” at 
one point of which the mouth lies. 

(i.) Body more or less equally covered with fine cilia ; adoral 
wreath an open spiral Order 3. Hetekotkichaceae 
Spiro atom um, Elirb. ; Bursaria , O. F. Mull. ; Stoitor, 
Okcn; Folliculina , Lamk.; Con choph their us, St.; /fa/ent- 
tuhum, Cl. and L.; N yet of her us, Leidy; Metopus , Cl. and 
E.; Caenomorpha, Perty; Disamorpha, Levander ; 
Blepharisma, Perty. 

(u.) Body cilia limited in distribution or absent ; peristome 
anterior, nearly circular, sinistrorse. 

„ u . T . Older 4. Omootrichaceae. 

a eria, uj. ; Maryna, Gruber; Tintinnus, Schrank; 
Jhctyocystis, Elirb ; Strombidium, Cl. and L. ( = JZ’or- 
quatclla , Lank.). 

(ill.) Peristome extending backwards along tl.e ventral face, 
Which alone is provided with motile cirrhi, etc. ; dorsal 
C1 la n ‘°lionless. Order 5. Hypotrichackak. 


1 Orders 1 and 2 constitute together the Ilololricha of Stein • Vtttschli 
■S to (. :o. sections of S,nrutruclm. ' 


regards 
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Sty l onychia, Ehrb. ; Kerona , O. F. Mull. ; Oxytricha , 

Ehrb.; Euplotes , Elirb.; Stichotricha , Perty ; Schizo- 
tricha, Gruber. 

(iv.) Body cilia reduced to a posterior* girdle, or temporarily 
or permanently al>sent ; peristome anterior, nearly 
circular, edged by the adoral wreath, 1 bounded by a 
gutter edged by an elevated rim or collar. 

Order 6. Peritrichaceae. 

Lichnophora , Cl. ; Trichodina, Ehrb. ; Vorticella , L. ; 
Zoothamnium , Bory; Carchesium , Elirb.; Epistylis, 
Ehrb.; Opercularia , Lamk.; J'nginicola , Lamk.; 
Pyxicola , Kent ; Cothurnia , Ehrb. ; Scyphidia , 
Lachmann ; Ophrydium , Bory ; Spirochona, St 

Ihe Ciliata have so complex an organisation that, as with the 
Metazoa, it is well to begin with the description of a definite type. 
For this purpose we select Stylonycliia vnytilvs , Ehrb. (Fig. 49), 
a species common in water rich in organic matter, and relatively 
large (1//5 mm.). It is broadly oval in outline, witli the 

wide end anterior, truncate, and sloping to the left side behind; 
the back is convex, thinning greatly in front; the belly flat. 
It moves through the water either bv continuous swimming or 
l) y jerks, and can either crawl steadily over the surface of a solid 
°i <in a ‘ r surface such as an air bubble, or advance by springs, 
which recall those of a hunting spider. The boundary is every- 
where a thin plasmic pellicle, very tender, and readily undergoing 
dillluence like the rest of the cell. From the pellicle pass the 
cilia, which are organically connected with it, though they may 
he traced a little deeper ; they are arranged in slanting longitu- 
dinal rows, and are much and variously modified, according to 
their place and function. On the edge of the dorsal surface they 
are fine and motionless, probably only sensory ( s.h .) ; except three, 
which protrude well over the hinder end ( c.p .), stout, pointed, and 
frayed out at the ends, and possibly serving as oars or rudders 

for the darting movements. These are distinguished from simple 
cilia as “ cirrhi.” 

At the right hand of the frontal area there begins, just within 
the dorsal edge, a row of strong cilium-like organs (Fig. 49, ]wt)\ 
these, on careful examination, prove to be transverse triangular 
plates, which after death may fray into cilia. 2 They are the 

Dextrorse in all blit Lichnojthord and SjnrochoTia. 

2 Each membranella is a transversely elongated oval in reality, and below it is 
a double row of basal granules, corresponding to the individual cilia that consti- 
tute it. Similarly, the undulating membranes have a single row of basal granules. 
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“ adoral membranellae.” 
and there crosses over 
the edge of the body to 

c 

the ventral aspect, and 
then curves inwards 
towards the median line, 
which it reaches about 
half-wav hack, where it 
passes into the pharynx 
(tn). It forms the front 
and left-hand boundary 
of a wedge-shaped de- 
pression, the “ peri- 
stomial area,’’ the right- 
hand boundary being 
the “preoral ridge” or 
lip (/), which runs 
nearly on the median 
line, projecting down- 
ward and over the de- 
pression. This ridge 
hears on its inner and 
upper side a row of tine 
“ preoral cilia ” (poc) 
and a wide “ preoral 
undulating membrane ” 
(p.om), which extends 
horizontally across, be- 
low the peristomial area. 
I he root of this area 


This row passes to the left blunt angle, 



Fio. 49. \ entral view ol Sty loti yc/t m mytilus. a.c, 

AUlnminal cirrbi ; no, anus discharging the shell 
ol a Liatom ; o, caudal cirrbi : <■./>, dorsal cirrbi ; 
• r, contractile vacuole ; c, ]»art of its replenishing 
canal ; /.c, frontal cirrbi ; /./•, food vacuoles ; r/, 
internal undulating membrane ; /, lip ; >/j. mouth 
or pharynx : me, marginal cirrbi ; A, A, lobes of 
ineganucleus ; ?/, n, micronuclei ; t\ anterior end : 
per, adoral membranellae : poc, prooral cilia ; p.om. 
preoral undulating membrane ; s.h, sense liairs. 
(Modified from Ling. ) 

endoral” row of cilia. 

1,1 allle<1 (not in Sti/loin/cJnn), at the base ami on 

the inner side of each adoral menibianella, is a “ paroral ' . ilium. 


bears along its riglit- 
liand edge an “ internal 
undulating membrane ” 
0/), and then, as we 
Pass across to the left, 
first an “ endoral mem- 
brane ” and then an 
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All these motile organs, with the exception of the preoral cilia, 
pass into the pharynx ; hut the adoral membranellae soon stop 
short for want of room. There are some seventy membranellae in 
the adoral wreath. 

The rest of the ventral surface is marked by longitudinal 
lines, along which the remaining appendages are disposed. On 
either side is a row of “marginal cirrhi ” (?///-.), which, like the 
membranellae, may fray out into cilia, but are habitually stiff’ 
spine-like, and straight in these rows ; these are the chief swim- 
ming organs. Other cirrhi, also arranged along longitudinal 
rows, with so many blank spaces that the arrangement has to be 
carefully looked for, occur in groups along the ventral surface. 
On the right of the peristome are a group which are all curved 
— the “ frontal cirrhi ” (f.c.). Behind the. mouth is a second 
group — the “abdominal cirrhi” (ax.), also curved hooks; and 
behind these again the straight spine-like “ caudal ” or “ anal 
cirrhi (rx), which point backwards. These three sets of ventral 
cirrhi are the organs by which the animal executes its crawling 
and darting movements. Besides the mouth there are two other 
openings, both indistinguishable save at the very moment of 
discharge ; the anus (an) which is dorsal, and the pore of the 
contractile vacuole, which is ventral. 

The protoplasm of the body is sharply marked off into a soft, 
semi-fluid “endoplasm ” or “ endosarc,” and a firmer “ectoplasm 
or “ ectosarc.” The former is rich in granules of various kinds, 
and in food-vacuoles wherein the food is digested. The mode of 
ingestion, etc., is described below (p. 145). The ectoplasm is 
honeycombed with alveoli of definite arrangement, the majority 
being radial to the surface or elongated channels running length- 
wise ; inside each of these lies a contractile plasmic streak or 
myoneme. The contractile vacuole ( cv ) lies in this layer, a litt e 
behind the mouth, and is in connexion with two canals, an 
anterior ( e ) and a posterior, from which it is replenished. 

The nuclear apparatus lies on the inner boundary of the ecto- 
plasm ; it consists of (1) a large “ meganucleus ” formed of two 
ovoid lobes (JV, JV), united by a slender thread ; and (2) two minute 
“ micronuclei ” ( n , n), one against either lobe of the meganucleus. 

Styloni/chia multiplies by transverse fission, the details of 
which are considered on pp. 144, 147. 

The protoplasm of Oiliata is the most differentiated that we 
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find in the Protista, ami we can speak without exaggeration of 
the “ organs” formed thereby. 

The form of the body, determined by the firm pellicle or 
plasmic membrane, is fairly constant for each species, though 
it may be subject to temporary flexures and contractions. The 
pellicle varies in rigidity ; where the cilia are abundant it is pro- 
portionately delicate, and scarcely differs from the ectoplasm proper, 
save for not being alveolate. In the Peritriehaceae it is especially 
resistant and proof against decay. In Coleps (Gymnostoinaceae) it 
is hardened and sculptured into the semblance of plate-armour, and 
the prominent points of the plates around the mouth serve as teeth 
to lacerate other active Protista, its prey ; but, like the rest of 
the protoplasm, this disappears by decay soon after the death of 
the Coleps. Where, as in certain Oligotrichaceae, cilia are absent 
over part of the body, the pellicle is hardened ; and on the dorsal 
face and sides of JJysteria it even assumes the character of a 
bivalve shell, and forms a tooth-like armature about the mouth. 

From the pellicle protrude the cilia, each of which is con- 
tinued inwards by a slender basal filament to end in a “ basal 
granule” or “ blepharoplast.” The body -cilia are fine, and often 
reversible in action, which is exceptional in the organic world. 
They may be modified or combined in various wavs. AVe have 
seen that in St yl onychia some are motionless sensoiy hairs. The 
cirrhi and setae sometimes fray out during lift*, and often after 
death, into a brush at the tip, and have a number of bleplmro- 
plasts at their base. The same holds good for the membra nellae 
and undulating membranes. They are thus comparable to the 
“vibratile styles” of Potifers (Yol. IT. p. 202) and the “combs” 
or " Ctenophoral plates ” of the Ctenophora (p. 412 f.). 1 

The ectosarc has a very complex structure. Like other 

1 Tail-like appendages are found in Scaphiodon and in ])t,stcria and its allies 
(Gymnostoinaceae), Urocentnnn (Aspirotrichaceae), D ha, morph a and Cacnomoruhu 
(Heterotricl.aceae). In the first two and last two cases they are prolongations of 
the body ; .n the third an aggregate of cilia. One or more long caudal sc ti form 
oil ia arc present in the genera Lembculion, Plena, ncma , Cyclidium , Lembvs, 
Linctoclnlum Ancistrum , and Uronema ; all these are addicted to making spring, 
mg darts. T lifts ot cilia of exceptional character often serve for tem|Kirary attach- 
iwnt The stalk (or at least its external tube) of the Peritriehaceae appears to he 
the Glutinous excretion of a zone of such cilia. Fame-Fremiet terms such a zone 
or annular brush a “scopula” (“Struct, de l app. fixateur chez les Vortieellides,” 

r lr 'V r V' 1 ’ ]K 207) - For a 'bscussion of the finer structure of the cilia 

Voor 1 c/ ,U t K ‘ ,,,echlin,sm °»' tlu-ir action, see Schubcrg, Arch. Protist. yi. 

p. Cl. 
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protoplasm it has a honeycombed or alveolate structure, but in 
tins case the alveoli are permanent in their arrangement and 
position. Lows of these alveoli run under the surface; and the 
cilia are given off from their nodal points where the vertical 
walls of several unite, and wherein the basal granule or blepharo- 
plast is contained. Longitudinal threads running along the 
inner walls of the alveoli of the superficial layer are differen- 
ia e into muscular fibrils or “ myonemes,” to which structures 



T LlT arC ,° r a - r ' * roni Stentor coeruleus ; p, Ilolnphrya discolor. ra, 

hZZ Zn; ? ShOW,ng ci,ia ’ P e,l ^le. canals, and .,,> 0 , .ernes ; b, surface view 

suriprfipjfii 'vj 6 * s ,ow,,, £ n»yoneme.s alternating with blue granular streaks; c, more 
1 .L eW ’- S l ° vv,,, £ r ° ws c '^ a ad jacent to myonemes ; d, myoneme, highly 
out? 1 ' ’ . ow,, Jf> longitudinal and transverse striation ; e, two rows of cilia ; f,g* 
c nft i • C , t ° ns 0 ec ^ sarc * s l ,ow i"g pellicle, alveolar layer (a), myonemes (m), ami 
ectosarc. (from Calkins, alter Metschnikoff, Biitschli, and Johnson.) 


so many owe their marked longitudinal striation on the one 
hand, and their power of sudden contraction on the other. The 
appearance of transverse striation may be either due to transverse 
myonemes, or produced by the folds into which the contraction 
of longitudinal fibrils habitually wrinkles the pellicles, when it is 
airly dense (Peritrichaceae) ; circular muscular fibrils, however, 
undoubtedly exist in the peristomial collar of this group. 
Embedded in the ectosarc are often found trichocysts , 1 analogous 

1 See Mitrophanow “ Sur lea Tnchocystes . . . du Paramnccium," Arr.li. 
Prohvt. v. 1904, p. 78. 
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to the riematocysts of the Coelenterata (p. 247), and doubtless 
fullilling a similar purpose, olVensive and defensive. A trichucyst 
is an oblong sac (4 fx long in Parumr.civm) at right angles' to 
the surface, which on irritation, chemical (by tannin, acid's, etc.) 

or mechanical, emits or is converted into a thread several times 

the length of the cilia ( o :> fi), often barbed at the tip. In the 
predaceous (Jymnostomaceae, such as Didinium , the triehoeysts 
around (or even within) the month are of exceptional size, and 
are ejected to paralyse, and ultimately to kill, the active Infusoria 
011 which they leed. In most of the I’eritrichaceae they are 
when present, limited to the rim around the peristome, while in' 
he majority of species of Ciliata they have not been described 
l- .brils, possibly nervous, 1 have been described in the deepest layer 

of the eetosarc m Heterotrichaceae. 

The innermost layer of the eetosarc is often channelled by 1 
system of canals,- usually inconspicuous, as they discharge con- 
tinuously into the contractile vacuole; but by inducirm 'partial 

j "7 rene "r u - °< a ir 

V ‘ h0 F of water 011 the slide under the cover-lass) the 
] T U01 ® is S,ackened - these canals may be more 

; -w either by the coalescence of minute formSL va ,’oles 
b Uie edargement of the severed end of the canal or canals 
>e poie ot discharge to the surface is visible in several species' 

open, tarf.l. it i Cl “'7' 

7" B >' ”7 nX ' •*» « .'»n,„I»l ,e«rvoir no ,7 

elongated canal. uU, ?•) or 

I’he endosarc, in most Ciliates well . , 

eetosarc, is very soft; though it is not in ,e,,t,fttvd fr °"‘ tho 

that of a Ilhizopod, it is the In of Tl liku 

alternating will, long periods of rest T ln. ‘ 1,10Ve,,K,,,ts 

vacuoles, after describing a more or k ' 18 1 “ lt tl,e t' 00 ' 1 - 

discharge their undigested products it the" 11 ° C ° UrS0 ' 00,1,0 to 

' The “ nenrophanc " litirils of Nc r " ^ U '° anUS ' 

: S "" , 0 tl r S the ““'"ter „f alfero ,,? }"*’ P- <• 


2 Sometimes the number of airerenTcmalT’i A , rch; . I \ ru ' il "- «• >*>3, p. 305 I 
-' "'. on,.. There may he „„„ „ r n.oro eont '" u l ° five 

the , .rent ones have an independent rhvthm t,,u ' 

It IS hom sucl, conclusive Cases tint ti 

interred in the rest n p r T'r "'""■""P'" of a dm 

rotist i possessing this organ. 


, or 
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In a tew genera ( Jhdinium , for instance) the course from mouth 
to anus is a direct straight line, and one may almost speak of a 
digestive tract. In Loxodes and I'rachclius (Fig. 56) the endo- 
sarc, as in the Flagellate Noctiluca (Fig. 48, p. 133), has a 
central mass into which the food is taken, and which sends out 
lobes, which branch as they approach and join the ectoplasm. 
The endosarc contains excretory granules, probably calcium phos- 
phate, droplets of oil or dissolved glycogen, proteid spherules, 
paraglycogen grains, etc. 

ddie nuclear apparatus lies at the inner boundary of the 
ectoplasm. The “ meganucleus ” may be ovoid, elongated, or 
composed of two or more rounded lobes connected by slender 
bridges (Stent or, Stylonychiu) The “ micronucleus ” may be 
single ; but even when the meganucleus is not lobed it may be 
accompanied by more than one micronucleus, and when it is 
lobed there is at least one micronucleus to each of its lobes. 1 
The meganucleus often presents distinct granules of more deeply 
staining material, varying with the state of nutrition ; these are 
especially visible in the band-like meganuclei of the Peritrichaceae 
(Figs. 5 1, 60). At the approach of fission it is in many cases dis- 
tinctly fibril) y.ted. 2 Put all other internal differentiation, as well 
as any constriction, then disappears ; and the ovoid or rounded 
figure becomes elongated and hour-glass shaped, and finally con- 
stricts into two ovoid daughter-meganuclei, which, during and 
after the fission of the cell, gradually assume the form charac- 
teristic of the species. The mieronuclei (each and all when they 
are multiple) divide by modification of karyokinesis (or “ mitosis ) 
as a prelude to fission : in this process the chromatin is resolved 
into threads which divide longitudinally, but the nuclear wall 

1 Gruber (Her. Ges. Freib. 1888) lias shown that in several marine CiliAta 
the meganucleus is represented by an enormous number of minute granules < i- s 
seminated through the endosarc, which, on the approach of fission, unite in ° a 
single meganucleus. As an adjacent mieronm-leus makes its appearance at t n 
stage, lie infers that the micronucleus must be also resolved in the intermediate 
life of the cell into granules too small for recognition under the highest magnified 
tion attainable, and that they must then coalesce. 

1 In the peculiar Peritriclian Spirochona the division of the meganucleus is ^ 
much more complex process than usual, and recalls that of the uiidilferentiat" 
nuclei of many Rhizopods (see Rompel in Z. uriss. Zoo!, lviii. 1891, p. 

Opnlina has neither month nor anus, nor contractile \ac.uolo, hut a large number 
of similar nuclei, that divide by a true mitotic process, like mieronuclei. 
have referred it (pp. 114, 12a) to the Flag* Hates, next to the Trichonymphuiac. 
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remains intact. If un Infusorian he divided into small parts 

on ) such as possess a nncronucleus and a fragment of the memi- 

nucleus are capable of survival. We shall see how important" a 

-art the micronuclei play in conjugation, a process in which the 

Id meganuelei are completely disorganised and broken up and 
their debris expelled or digested. 1 

Ibe mouth of the Oymnostomaeeae is habitually closed 

iriT ■ r ;; 8 ' stio, ‘ ° r ti,e ^ ^ 

' U “""Uy open, into a funnel -alibied pharynx 

'" l ; C11V,e o f fine NMU 

Carmans')- uij'tl'' •"mT " ^***® r *l“’ t <“ Heusenapparat ” of the 

So sa? 



lined by a prolynnalinii ,,r tl Is d P erll,an ent depression 

one or mere rndSSi , '"**• “ J —M** oil 

■» .<« rsr tT r '" t 

Pleuronema (Fig. 571 one m- i„- i' . 1 s P ecies > such as 

mouth right and left In l> t° 1 ^° 1Ileni ' jranes border the 
pharynx ?s disti^L, P»» of the 

«- P'Unx at S» TI'S '£*Z » the anus. 

' lc ', i0 " si “ «'» 1’eritrieliaeeae : Fim, 5 JTo' ‘“f “'""‘“t’ lo ". 
soft endosarc, where the food-mrti«.l ’ , 6 s a « a mst the 

pellet ; this grows by accretion of t>S aecunuilate into a rounded 

nao the endosarc, which closes un l!f h i m f eml Until 11 Passes 

Around the pellet liquid is secreted"!" 'r " lth “ sort of ' I,l «di. 
it the material supplied he coloured i' i° n " , th ® ‘‘"^-vacuole, 
m carmine, the vacuoles may he re i mS ° luble - llk « indigo 
discontinuous circulation thrum* tin 1 “ S ° rt ° f “Aguiar, 

a,e , Gm,, y discharged as faeces"^ thr^T 7’ ° mitil tlleir r <™ains 
sight can he watched under the • n * 1 16 auus ' K ° prettier 
°‘ the social Bell-<anin,aleule ftjr!,° SC01 ; e . tlmn tIlilt ol ' a colony 
producing food-enrrents brillhn re, ° m C ° loured water— all 
° f t,M! granules, and the ivid'n " P Ly U “ wiW “ldies 

1 Save tlie 0l .. . , bIue u1 ' cri, “*m colour of 

«:ir iu u,: ,;r; w, r 

VOL. I ° Ub Opal inn to the 


i (r 


L 


146 


PROTOZOA 


CHAP. 


the food-vacuoles, the whole combining to present a most attrac- 
tive picture. Ehrenberg fancied that a continuous tube joined 
up the vacuoles, and interpreted them as so many stomachs 
threaded, as it were, along a slender gut ; whence he named the 
group “ Polygastrica.” 



Fio. 51. — Carchesium 
polypinum. Scheme 
of the path taken by 
the ingested food in 
digestion and expul- 
sion of the excreta. 
The food enters 
through the pharynx 
and is transported 
downward (small cir- 
cles), where it is stored 
in the concavity of 
the sausage - shaped 
meganucleus (the 
latter is recognised by 
its containing darker 
bodies). It remains 
here for some time at 
rest (small crosses). 
Then it passes upward 
upon the other side 
(dots) and returns to 
the middle of the cell, 
where it undergoes 
solution. The excreta 
are removed to the 
outside, through the 
vestibule and cell 
mouth. The hlack 
line with arrows indi- 
cates the direction ot 
the path. (From Ver- 
worn, after Green- 
wood. ) 


We owe to Miss Greenwood 1 a full account of the formation 
and changes of the food -vacuoles in Carchesium polyj>i nUin - 
The vacuole passes steadily along the endosarc for a certain 
time after its sudden admission into it, and then enters on a 
phase of quiescence. A little later the contents of the vacuo e 
aggregate together in the centre of the vacuole, where they are 
surrounded by a zone of clear liquid ; this takes place in t ie 

hollow of the meganucleus, in this species horseshoe -shape 
The vacuole then slowly passes on towards the peristome, ly in o 
deep in the endosarc, and the fluid peripheral zone is absor 


* Phil. Trans, clxxxv. 1895, p]>. 355 f. 
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* 80, “ e Ume no , chan g e is s ''own in the food-material itself - 

us is the Stage of “ storage.” Eventually a fresh zone of liquid! 
u iuu lgestive vacuole, forms again round the food-pellet anil 
his contains a peptic juice, of acid reaction. The contents so 
ar as they are capable of being digested, liquefy and disappear 

;;r« " f the vestibule, into it> t0 ^1“ 

OVGlfiOVV ot tllC lood-CUrrpn t T| m 0 • * J j 

SX t f 1: “ - - - =£•£=: 

either sister receives one and has ♦„ , ’ . Para >™cium, 

is a canal or reservoir dfv fded at « ** ; Where ttlei e 

serves to give rise to l ne ^ ? fiSS1 ° n ’ an extensi °n of this 

.«.i» the old one. In , ”7.^ The T Whi0 " d “ s 

«nhed above (p. 144) the rel.tiVf 1 

the^ISLT am tiT °"' r 7"“ «*«• «“» »■« 

rare!, more. Thi“s ° g * ° f f °”. 

Ui the majority, however encystment C ° mm0U Col P od * cucullvs. 
means of protection against drou i i “ re f rfce(1 . to only as a 

full meal (Lacrymaria)™^ ' 10Ught ’ etc - or for quiet rest after a 

Maupas 1 has made a verv f„n , 
the Ciliata. He cultivated thi T 7 . °! the Cycles of 

for “Microscopic study, i. e . on a slid m ^ USUul conditio “s 
supported by bristles to avoid " nder a tl,in g Ia8 s eover 

"»i»t chamber ; »„d examtne^r.Tje .7“™' “ * «P~W 
flic animals collect at t ),.,«■ ® ular intervals. 

aeration are most suitable usually ^ ^f 6 - the conditio “8 of 

cover, and when well supplied with fn H the ® dge ° f the 

swimming far, so that they are e **1 ^ lat, ‘ er slu ^ ish > not 

f 'V lien well supplied with approprhtT J 7 , 8t " dled and co "“ted. 

intervals, dividing 

Z0UL < 2 ) vi. v,i. 1888 1889. 
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the twenty-tour hours at a temperature of G5-69 F. ( Glaucoma 
scintillans), so that in this period a single individual has resolved 
itself into a posterity of 32 ; but such a rapid increase is 
exceptional. At a minimum and a maximum temperature 
multiplication is arrested, the optimum lying midway. II the 
food-supply is cut off, encystment occurs in those species capable 
of the process ; but when there is a mixture ol members of 
different broods of the same species, subject to the limitations 
that we shall learn, conjugation ensues. Under the conditions 


rr>g /H j 


AflU 



u.nu 


Fig. 52 . — Paramecium caudatum , stages in conjugation, gul, Gullet; niff. » ^ ecou . 
nucleus; Afg.nu, reconstructed nieganucleus ; mi.nu, niicronucleus , ; 1,1 ! , 
structed micronucleus ; o, mouth. (From Parker and Haswell, after er g- 

of Maupas’ investigations he found a limit to the possibilities of 
continuous fissions, even when interrupted by occasional encys 
ment. The individuals of a series ultimately dwindle in size » 
their ciliary apparatus is reduced, and their nuclear appara ns 
degenerates. Thus the ultimate members of a fission-cycle 8 0N 
a progressive decay, notably in the nuclear apparatus, w k ^ 
Maupas has aptly compared to “ senility ” or “ old age in t u 
Metazoan. If by the timely mixture of broods conjugation 
induced, these senile degenerations do not occur. 1 In Stylonyf- 11 

1 Calkins lias recently found 
with alternations of more and of 


that the vitality within a cycle is rhythmic*^ 
r less frequent fissions, under the same si 
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I"?'!" t ' ,e . pr0llu “. of ; 1 •*** fter conjugation died of Anility 
attlT ->')0 fissions; in Leucophrys after G60. 

Save in the Peritrichaceae (p. 151) conjugation takes place 

between 81 nnlar mates either of the general character and size of 

he spec.es or minced by fissions, in rapid succession, induced by the 
parallel and with their oral faces or their sides (StelL) together 
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undergoes three successive divisions, or, strictly speaking, two 
fissions producing four nuclei, of which one only undergoes the 
third. The other three nuclei of the second fission degenerate 
like the meganucleus . 1 Of the two micronuclei of this last 
division one remains where it is as a “ stationary ” pairing 
nucleus, while its sister passes as a “ migratory ” pairing-nucleus 
into the other mate, and fuses with its stationary pairing-nucleus. 



Fio. 54. — Four individuals of (Joleps hirtus (Gymnostomaceae) swarming 

ingestiug a Vorticella (?) (From Verworn.) 


abont and 




Thus in either mate is formed a “ zygote-nucleus,” or ‘ fusion 
nucleus.” All these processes are simultaneous in the two 
mates ; and the migratory nuclei cross one another on 1 
bridge of junction of the two mates (Fig. 52, C). E*ich mate now 
has its original cytoplasm (subject to the qualification above;, 

1 When there are at the outset two or more niicronuclei all undergo tl*° t' rst 
two fissions, but only one undergoes the third. 
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but its old nuclear apparatus is replaced by the fusion-nucleus. 
This new nucleus undergoes repeated fissions ; its offspring enlarge 
unequally, the larger being differentiated as mega-, the smaller 
as micro-nuclei. The mates now separate (Fig. 52, F, G), and 
by the first (or subsequent) fission of each, the new mega- and 
micro-nuclei are distributed to the offspring. Culpidium colpoda 



FlQ ' Ztfpzt A - The - 

trUil P °, IeS - buCJJr ' Bucca * groove d " r t rr °' VS Sl ‘° W the cours(; tali 
ract.le vacuole ; /.«, food vacuole • «“■ ea ™° '■ c.vae , c< 

p‘;. '", eg t nu , de " a : P“-n«, micronucleus • /®S t '■ Z ' n,edulla • mout 

Parker s Biology.) c,e,u “ ■ trch ' tnchocysts discharged (Fix 


t.vac 


buc.gr. 


c.vac. 


mm 


h “™ *■*-.« 

apparatus often atrophies anH i* nn ^ con .j ll ga,tion the oral 
«“ pellicle and ciliary ap Z.Z 37““ ; ‘ nd h some cases 

In the Peritrichieae Tb. 8 T ° “ made 0ver ” 
the normal cell, and is fixed ■ 17 ,° Unequal > the larger is 

an ordinary individual by brood -F — m ° blle ’ , is derived from 

under the conditions that induce 1VLS1 °ns, which only occur 

though the two pairs «»> Here. 

are formed, it , s only the migratory 
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nuclei that unite, the stationary ones aborting in both mates. 
During the final processes of conjugation the smaller mate is 
absorbed into the body of the larger, and so plays the part of 
male there. But this process, though one of true binary sex, 
is clearly derived from the peculiar type of equal reciprocal 
conjugation of the other Infusoria. 

The Ciliata are almost all free-swimming animals with the 
exception of most of the Peritrichaceae, and of the genera we now 
cite. Folliculina forms a sessile tube open at either end; and 
Schizotricha socialis inhabits the open mouths of a branching 
gelatinous tubular stem, obviously secreted by the hinder end 
of the animal, and forking at each fission to receive the produce. 
A similar habit to the latter characterises Maryna socialis ; all 
three species are marine, and were described by Gruber. 1 Stentor 
habitually attaches itself by processes recalling pseudopodia, and 
often forms a gelatinous sheath. 

The majority of the Oligotrichaceous Tintinnidae inhabit free 
chitinous tests often beautifully fenestrated, as in Dictyocystis. 

Many genera are parasitic in the alimentary canal of various 
Metazoa, but none appear to be seriously harmful except 
Ich tln/ophth eirius, which causes an epidemic in fresh-water fish. 
Quite a peculiar fauna inhabit the paunch of Ruminants. 
Nj/ctvtherus and Balantidium are occasionally found in the 
alimentary canal of Man. 2 

The Gymnostomaceae are predaceous, feeding for the most 
part on smaller Ciliates. We have described the peculiar char- 
acter of the mouth and pharynx in this group, and the mail-like 
pellicle of Coleps (Fig. 54). Loxophyllum is remarkable for the 
absence of cilia from one of the sides of its flattened body, and 
the tufts of trichocysts studding its dorsal edge at regular 
intervals. Aclinobolus has numerous tentacles, exsertile and 
retractile, each bearing a terminal tuft of trichocysts, which 
serve to paralyse such active prey as Halteria. Beonema has 
one tentacle overhanging the mouth ; and Mcsodinium has four 
short sucker-like projections around it. 3 It has only two girdle* 


1 Zeitschr. v;iss. Zool. xxxiii. 1880, p. 439. 

2 Bezzenbcrger has given a key to the species of these two genera in Arch. I rot. 
iii. 1903, pp. 149, lf»7. 

We note that L aery mar iu is prolonged in front into a long, slender flexible 
;k," with the mouth terminal. This swan- like conformation is “ mimicked 


nee 


by LHlcptus and LionoCus, where the neck, like the prostornium of worms, is a mere 
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ol cilia, which are stout and resemble line-pointed cirrlii. 
In Dyzterw the cilia are exclusively ventral, and the naked 
dorsal surface has its pellicle condensed into a bivalve shell ; a 
posterior motile process (“foot”) and a complex pharyngeal 
armature add to the exceptional characters of the genus. 

1 he Aspirotrichaceae are well known to every student of 
“Elementary Biology” by the “type” Paramecium (Fig. 55), 
so common m infusions, especially when containing a little 
animal matter. P. bursaria often contains in its endosarc the 
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length of 4 mm. (*"). Stentor can attach itself by its hinder end, 
which is then finely tapered and prolonged into a few pseudopodia ; 
its body is trumpet-shaped, with a spiral peristome forming a 
coil round its wide end, and leading on the left side into the 
mouth. Many species when attached secrete a gelatinous sheath 
or tube. S. polymorphus is often coloured green by Zoochlorella 
(p. 12 o) , aS. coeruleus 1 and S. igneus owe their names to the 
brilliant pigment, blue or scarlet, deposited in granules in lines 
between the conspicuous longitudinal myonemes. From their 




Pig. 57. — P lev. r (memo, chrysalis (Aspirotrichaceae). A, Unstimulated, lying quiet ; 

B, stimulated, in the act of springing by the stroke of its cilia. (From Verworn.) 

large size and elongated meganucleus accompanied by numerous 
micronuclei, these two genera have frequently been utilised for 
experiments on regeneration. In Metopus sigmoides the peri- 
stomial area forms a dome above its wreath of membranellae ; 
and in M. pyriformis this is so great as to form the larger part 
of the cell, which is top -shaped, tapering behind to a point. 
Caenomorpha (Fig. 58) has the same general form, with a peg- 
like tail, and possesses a girdle of cirrhi. 2 The converse occurs in 

The pigment of this species lias been examined and described by Lankester 
under the name of “blue s ten tori n ” (Quart. Journ. Mxcr. Sri. xii. 1873). 

For a full account of Caenomorpha , Metopus , ami allied forms, see Levander, 
Beitr. z. Kcnntn. ciniger Ciliaten , Dissert. Helsingfors, 1894. 
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Bnrsaria ; the cell is a halt’ ellipse, something like a common twin 
tobacco-pouch when closed : a deep depression thus occupies the 
whole ventral surface, and opens by a wide slit extending along 
the anterior end. The peristomial area occupies the dorsal side 
of the pocket so formed, and the mouth is in the hinder left- 
hand corner. Blephnrisma sp. is parasitic in the Heliozoon 
Baphidiophrys vivid is (Fig. 20, 1 , p. 74). 

Among Oligotrichaceae, Halteria , common among the debris 
at the bottom of pools in woods containing dead leaves, is 
remarkable for an equatorial girdle of very long fine setae, and 



Fig. 


53 - — Caenotnorpha uniserial is. crh , Zone of cirrhi ; c.t , 
vacuole ; c.w, ciliary wreath ; g , granular aggregate ; 
A, meganucleus ; n , micronucleus ; t.e, pharynx ; t t 
spine ; u.tn, undulating membrane ; v, vacuole; 5 
Levander.) 


cilia of tail ; c.v, contractile 
m, zone of membranellae ; 

tail spine ; t 1 , accessory 
precaudal process. (After 


for its rapid erratic darting movements, alternating with a 

graceful bird-like hover. The Tintiuuidae are mostly marine, 

pelagic, with the general look of a stalkless Vorticella ; some 
have a latticed chitinous shell. 1 


Among Peritrichaceae, Vorticella (Fig. 60) and its allies have 
ong been known as Bell-animalcules to every student of pond-life. 

1 10 ,7 has lndeed fc,l « forn i of an inverted bell, closed at its 
mouth by tl.e “peristome” or oral disc; this is a short, inverted 

l a ,: n „ l ' Mle/,a t'jpic", (Kscrilicd by Lunkester as possessing a continuous undu- 
Utmg n. inane for ,ts periston., al wreath, is ident.Ued by Butschh as a Stron, 
uhum, possessing exceptionally large lucinbranellae. 
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truncate cone set obliquely so that its wide base hardly projects 
at one side, but is tilted high on the other; the edge of the bell 
is turned out into a rim or “collar,” separated from the disc by 
a deep gutter. The collar, habitually everted or even turned 
down, contracts over the retracted disc when the animal is 
retracted (E 2 ), which is brought about by any sort of shock, or 
when it swims freely backwards. For the latter purpose a 
posterior ring of cilia (or rather membranellae) is developed 
round the hinder end of the bell (A, cr, E 3 ). The cilia of the 
adoral wreath are very strong, united at the base into a con- 




Fig. 50. — iS tcntor poh/- 
vwrphus. I, Young 
individual at- 
tached, extended ; 
If, adult in fission, 
contracted ; cv in 
I, afferent canal of 
contractile vacu- 
ole ; in II, con- 
tractile vacuole ; N, 
m onili form niega- 
nucleus (micro- 
nuclei omitted) ; 
o, mouth ; the fine 
lines are the myo- 
neme fibrils. (From 
Verworu.) 


tinuous membrane, and indeed themselves partake of the com- 
posite nature of membranellae. The wreath forms more than 
one turn of a right-handed spiral, the innermost turn ending 
abruptly on the disc, the outer leading down into the mouth at 
the point where the disc is most tilted and the groove deepest . 1 
lhe pharynx (/>) is long, and contains an undulating membrane 
(u.m) on its inner side projecting out through the mouth, and 
numerous cilia; it leads deep into the body (/?). The first part 
is distinguished as the “ vestibule ” ( v ), as into it opens the anus, 
and the contractile vacuole ( c.v .), the latter sometimes opening by 
a reservoir (r). The body contains in the ectoplasm myonema- 

1 Outside the principal wreath is another of fine cilia (“ jwroral ’*), standing 
out at an angle. 
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fibrils which, by their contraction, withdraw the dif-c, and at I he 
same time circular fibrils close the peristome over it. In the 
type-genus the pellicle is continued into a long, slender elastic 
stalk (s), ot which the longitudinal inyonenie tihrils of the ecto- 
plasm converge to the stalk, and are prolonged into it as a 
spirally winding fibre, sometimes transversely striated. 1 The 
eifect of the contraction of this is to pull the stalk into a helicoid 



F '°' 1 B r Sta ' k iD C °" traCtion : «venlble collar l.elov 

f / V ’ posterior ciliary ring; c.r , contractile vacuole* u, muscl, 
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•ah , F , I division into mega- an. 1 immw.ooids (iu) ; G 1 , G* coniueation • 

mu ro/ooid. (Modified from Butsddi, Iron, Parker and Haswell ) 8 ’ 
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sptral (like a coil -spring), with the line of insertion of the 
irmsclo along the inner side of the coils, which is, of course the 
shortest path front one end to the other (Kin- GO B) 

to irr* ° f the VortiCellidae are very commonly attached 

to weeds or to various aquatic Metazoa, each species hei.m more 
° r leSS rCStnCfced 111 VortMfa, the type, is°si^ 

«!*i.ally wrinkl^l ‘when Um muscircomTl!*? 8 n ^‘ ,n,>rane (^olenin, a), which is 
observations, adopted by Calkins and DelJc! "" ‘ * ^ ^ Ent *’* 
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attached to a contractile stalk ; fission takes place in the vertical 
plane, and one of the two so formed retains the original stalk, 
while the other swims off (Fig. GO, l^-E 3 ), often to settle close by, 
so that the individuals are found in large social aggregates, side 
by side, fringing water- weeds with a halo visible to the naked eye, 
which disappears on agitation by the sudden contraction of all 
the stalks. Carchesium and Zoothamnium differ from Vorticella 
in the fact that the one daughter-cell remains attached by a 
stalk coming off a little below the body of the other, so as to 
give rise to large branching colonies. 

In Carchesium, (Fig. 51) the muscular threads of each 
cell are separate, while in Zoothamnium they are continuous 
throughout the colony. Epistylis has a solid, rigid stalk, and 
may give rise to branching colonies, which often infest the 
body of the Water-Fleas (Copepoda) of the genus Cyclops. 
Opercularia is characterised by the depth of the gutter, the 
height of the collar, and the tapering downward of the elongated 
disc. Vaginicola, Pyxicola , Cothurni a. , Scyphidia , all inhabit 
tubes, some of extreme elegance. Ophrydium is a colonial 
form, found in ponds and ditches, resembling Opercularia , but 
inhabiting tubes of jelly 1 that coalesce by their outer walls into a 
large floating sphere ; it usually contains the green symbiotic 
Flagellate Zoochlorella. Trichodina is free, short, and cylindrical, 
with both wreaths permanently exposed, and is provided with a 
circlet of hooks within the aboral wreath. It is often parasitic, 
or perhaps rather epizoic, on the surface of Hydra (see p. 254), 
gliding over its body 2 with a graceful waltzing movement ; it 
occurs also in the bladder and genito-urinary passages of Newts, 
and even in their body-cavity and kidneys. 

II. SUCTORIA = TENTACULIFERA 

Infusoria with cilia only in the young state, 3 vnthout mouth 
or anus, hut absorbing food ( usually living Ciliates ) by one or moie 
tentacles , perforated at the apex ; mostly attached, frequently 
epizoic , rarely parasitic in the interior of other Protozoa. 

1 Of the composition of cellulose (Halliburton, in Quart. Joum. Micr. Sci 
stv. 1885 , p. 445 ). 

9 As doe* the Hy]>otrichaii JCerona polypurum. 

3 Permanently ciliate in Jlypocuma and Suclurella. 
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Act net a t Elirb. (Fig. 61, 2); Anwcboph nja , Kopprn ; Chuannphrija , 
Hartog (Fig. 62); Dendrocomrte* , St. (Fig. 61, 4); Demtrosown y 
Ehrh. (Fig. 61, 9) ; Emlosphaera, Engel m. ; Ephelota, Str. Wright 
(Fig. 61,5,8); Hypocoma , Gruber; Ophryodendron , CM. and L. 
(Fig. 61, 7); Podophrya , Elirb. (Fig. 61, 1); Rlujncheta, Zenker 
(Fig. 61, 3); Sphaeruphrya , Cl. and L. (Fig. 61, 6), Suctorella , 
Frenzel ; Tokophrya , Biitsclili. 


This group, despite a superficial resemblance to the Heliozoa, 
show a close atlinity to the (’iliata; the nuclear apparatus is 
usually double though a micronucleus is not always seen ; the 
young are always ciliated, and the mode of conjugation is 
identical in all cases hitherto studied. IV lost of the genera are 
attached by a chitinous stalk (Fig. Cl), continued in Acineta 
into a cup or “ theca ” surrounding the cell. The pellicle is firm, 
often minutely shagreened or “milled” in optical section by fine 
radial processes, whether superficial rods or the expression of 
the meeting edges of radial alveoli is as yet uncertain. The 
pellicle closely invests the ectosarc, is continued down into 
a tubular sheath, from the base of which the tentacle rises, and 
upwards to invest the tentacle, and is even prolonged into its 
cavity in Choanophrya, the only genus where the tentacles are 
large enough for satisfactory demonstration. These organs may 
be one or more, and vary greatly in character. They may be (1) 
pointed for prehension, puncture, and suction ( Ephelota , Fig. 
61, 5); (2) nearly cylindrical, with a slightly “flared” truncate 
apex ( Podophrya , Fig. Cl, u) ; (3) filiform with a terminal knob • 
(4) “capitate” (Acineta, Fig. 61, 2 ); (5) bluntly truncate and 
capable of opening into a wide funnel for the suction of food 1 
(Choanophrya, Fig. 62; Rhyncheta, Fig. 61,3). Their move- 
ments, too, are varied, including retraction and protrusion 
and a degree of flexion which reaches a maximum in Jthyn- 
< ic a ( ig. 61, 3), whose tentacle is as freely motile as an 
e ephant s trunk might be supposed to be were it as slender in 

md’in CTi ) tS leUgth ’ T1 ‘ Cy ale cou l inue d into the body, 

t old the pellicle rises into a conical tube about the base of the 
tentacle, which is retracted through it completely with the p ‘v 

6i \^rti;r;rr i ^ °^- 

K ° > * •» 0, the tentacles arise from outgrowths of 

tJyHv, 1 !'" <,aSC th “ <1,;, ' riS 0f 1,10 l ,r,, y turn by the Cycles on uhicb 




7.0|>hryodandron 


S.Ephelota 


9. Dendrosoma 


Fig. 61. — Various forms of Suctoria. 1, « and b, two species of 

tentacle much enlarged ; 2, a, Acineta jolj/i ; 2, b, A. tit)>'rom , wit uip | y . 

buds ; in 6 the animal has captured several small Ciliata ; 8, <*, a ■P*' 11 of 

ing by budding ; 8, b, a free ciliated bud ; 9, a, the entire colony ; 9, \ ^ 

the stem ; 9, c, a liberated bud. a, Organism captured as food ; b.e t bro y 

bd, bud ; c.vac, contractile vacuole; l , test; mg.nu, inegai.ucleiis ; ’ 1 and 

nucleus; »« f nucleus; b tentacle. (From Parker and Haswcll, after but 

Saville Kent. ) 
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the cell-body. The mechanism of suction is doubtful ; but 
fiom the way particles from a little distance flow into the open 
funnels of Choanophrya, it may be the result of an increase of 
osmotic pressure. The external pellicle of the tentacles is 
marked by a spiral constriction,' which may be prolonged over 
the part included in the sheath. The endosarc is rich in oil- 
drops otten coloured, and in proteid granules which sometimes 
absorb stains so readily as to have been named “ tinctin bodies.” 
It usually contains at least one contractile vacuole. 

In Dendrocometes (and perhaps others) the whole cell may 
become ciliated, detach itself and swim off; this it does when 
its host ( Gammarus ) moults its cuticle. 

*T n ° r 1 budd , ing We have t0 distinguish many modes. 

( ) n the simplest, after the nuclear apparatus has divided the 
cdl divides transversely; the distal half acquires cilia and swims 

attached Th ft , T 1 ^’ while the proximal remains 
attached. he tentacles have previously disappeared and have 

to be formed afresh in both. (2) More commonly fission passes 

into budding on the distal face; a sort of groove deepens around 

a central prominence which becomes the ciliated larva (Fm (]■> 

m); the te “ tades of the ''parent” are retained. This pi'ocess 

fntTll nl i “ m , ter " al bu(klln g'” where a minute pit leads 

nndtinle t P (4) Again ’ tlle budding may he 

mult pie the meganucleus protruding a branch for tach bud 

requisite U ‘“° nudeus ’ b T successive divisions, affords the supply 

freely by fission within Cililte If multi ^ 

described by Stein as stages in their life cycde C ^ 

tiie same type as in most .1 v ^ ’ ^ on J u © atlon of 

Dendrocometes alone, by Hickson ^whiTl tuI ! y worked out 111 
(though destined to disorganisation f or ^ 1 '* me S il “uclei 

by the bridge of communLtS^nX^. ' 1 8h ° rt tim « 

of the micronuclei. cl piocal conjugation 

aZIpZ li^^ra^f ParaSitiSm 0f genera. 
Radiolarian Stiekolonehe (see p l ” G 10m ® tnd s. «ud in the aberrant 

1 The spiral ridg* figured by Hert )- The attilched species are 

presentation of this structure, exceedingly V’-'' C \' S l“ ro,,at ’b' an incorrect re- 
In Choanophrya I have failed to fin. /a. “ gPnera b,,t Choanophrya 

to be strictly endogenous. J ,ore ' ar "' believe the bud-formaUm, 

VO IT" JOU ’ n - ^ P- 325. 
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some of them indifferent to their base ; others are only found on 
Algae, or again only epizoic on special Metazoan hosts, or even 
on special parts of these. Thus Rhyncheta is only found on the 
couplers of the thoracic limbs of Cyclops , and Choanophrya on 
the ventral surface of its head and the adjoining appendages. 



Fig. 62 .—Choanophrya mfundibuhfera. A, adult , B D, tentacle, i ' various 

stages ; E, tentacle at rest ; F, young, just settled down, a, a a, rent **? * bry0 
stages of activity; c, central cavity; c.v, contractile vacuole; em, C,1 »J u „ f 
showing contractile vacuole and nucleus; /, spiral ndge;?/*, muse ^ . E 
funnel ; n, nucleus ; tr, opening of funnel. (A-D, F, inodihed aft 

original. ) 


We owe our knowledge of this group to the classical wor a 
of Ehrenberg, Claparede and Lachmann, Stein, R. Hertwig, an 
Butschli. Plate has shed much light on Dendrocometes, an 
Hickson has studied its conjugation. Ischikawa has « 1 
modern histological methods for the cytological study ot p 
biitschliana. Rend Sand has written a useful, but unequa , 
not always trustworthy monograph of the Order, con aiinng 

elaborate bibliography. 


1 In Juum. Coll. Sc. Japan, x. 1896. , j/fcr. 

2 fitude monographique sur le yroupe des Tcntaculifires , Ann. 

xxiv.-xxvi. 1901. 
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rOKIFERA (SPONGES) 1 

° f — 

A NI n, SAMPLE OF BKITISH MARINE SPONGES 

Zmnos”T ATIA FLVriATIL '* ™ WATER-— 

DEPINT, ION— POSITION IN THE ANIMAL KINGDOM. 

tZT^Z’ P tSU m T iS r f P ° Sitl0n other 

They are »' ^ 

found in fresh water— marine inhil V CXC ” S1 1 ° n of a few genera 

tide marks to the crreat ahv« f \ mg a depths from between 
Cheir exisiebc* t er“ ‘S" *»«* f » 

This current contains their food it f, thw fla g^lated cells. 

and it carries away effete matter CwLTTT ° f reSpiration ’ 
endure deprivation of oxygenated qUentl T sponges cannot 

and only the hardiest inhabit re ^ exc ® pt for short periods, 

intermittent, as between tide marks^ Th 7" ^ SUpply is 

8pedmens ln 

rang^rtrl^ns;^: h zz ex T tionaiiy wide 

Cl: f Jty a L i P n p a 7 *£% ** ^ 

size to determine the shape of the ° rganS ot> suffici «lt 
, T p P ° f Ule Wh0le or «™it its variation. 

r,J 7 r 7 ra " hen t0 "rite the chapters 

— tor h, 1;ind a^Unoe I n ££» «* 

I6 S 
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that is to say, the separate organs are of an order of size inferior 
to that of the entire body. The animals are fixed or lie loose 
on the sea bottom ; there are in no case organs of locomotion, 
and again no sense-organs, no segregated organs of sex, and as a 
rule no distinction into axis and lateral members. It is by 
these negative characters that the collector may easily recognise 
a sponge. 

History. — Sponges are, then, in many of their characters 
unique ; and they present a variety of problems for solution, both 
of special and general interest, they are widely distributed in 
time and space, and they include a host of forms. It therefore 
causes no little surprise to learn that they have suffered from a 
long neglect, even their animal nature having been but recently 
established. Though known to naturalists from the time of 
Aristotle, sponges have been left for modern workers as a 
heritage of virgin soil : it has yielded to them a rich harvest, 
and is as yet far from exhausted. 

The familiar hath sponge was naturally the earliest known 
member of the phylum. It is dignified by mention in the Iliad 
and in the Odyssey , and Homer, in his choice of the adjective 
“ full of holes,” TroXvrpTjTos, shows at least as much observation 
as many a naturalist of the sixteenth and seventeenth centuries. 
Aristotle based his ideas of sponges entirely upon the characters 
of the bath sponge and its near allies, for these were the only 
kinds he knew. With his usual perspicuity he reached the 
conclusion that sponges are animals, though showing points of 
likeness to plants. 

The accounts of sponges after Aristotle present little o 
scientific interest until the last century. Doubtless this is in 
part due to the absence of organs which would admit of dis- 
section, and the consequent necessity of finer methods of study. 
Like other attached forms, sponges were plant or animal as it 
pleased the imagination of the writer, and sometimes they were 
“ plant animals ” or Zoophyta : those who thought them animal 
were frequently divided among themselves as to whether they 
were “ polypous ” or “ apolypous.” An opinion which it is 
somewhat difficult to classify was that of Dr. Nehemiah Grew, 
who says : “ No Sponge hath any Lignous Fibers, but is wholly 
composed of those which make the Pith and all the pithy parts 

1 Rarities belonging to the Royal Society preserved at Gresham College , 1686. 
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Then Blitschli 1 (1884) and Sollas 2 on combined morphological 
and embryological evidence (1884) concluded that sponges were 
remote from all the Metazoa, showing bonds only with Choano- 
flagellate Protozoa (p. 121). This the exact embryological work of 
Maas, Minchin, and Delage has done much to prove, but it has to 
be admitted that unanimity on the exact position of the phylum has 
not yet been attained, some authorities, such as Haeckel, Schulze, 
and Maas still wishing to include sponges in the Metazoa. 

In this short history we have been obliged to refer only to 
work helping directly to solve the problem of the nature of a 
sponge, hence many names are absent which we should have 
wished to mention. 


Halichondria panicea. 

One of the commonest of British sponges, which may be 
picked up on almost any of our beaches, and which has also a 
cosmopolitan distribution, is known by the clumsy popular name 
of the “ crumb of bread sponge/’ alluding to its consistency ; or 
by the above technical name, with which even more serious fault 
may be found. 3 

In its outward form H. panicea affords an excellent case of a 
peculiarity common among sponges. Its appearance varies ac- 
cording to the position in which it has lived. In fact, Bowerbank 
remarks that it has no specific form. It may grow in sheets 
of varying thickness closely attached to a rock, when it is 
“ encrusting,” or it is frequently massive and lying free on the sea 
bottom ; again, it may be fistular, consisting of a single long tube, or 
it may be ridge-like, apparently in this case consisting of a row of 
long tubes fused laterally. In this last form it used to be called 
the “ cockscomb sponge,” having been taken for a distinct species. 

Bidder has proposed to call the different forms of the same 
species “ metamps ” of the species. Figures of the metamps of 
//. panicea will be found in Bowerbank’s useful Monograph. 

1 Ann. Mag. Nat. Hist. (5) xiii. 1884, p. 381. 

2 Quart. Journ. Micr. Sci. xxiv. 1884, p. 612. 

3 The name was coined by Dr. Fleming from “silcx” and * car ' 

tilage,” and as these roots could only give Chalic choTuiriu it is not surprising that 
those who have not referred to Dr. Fleming’s statements give the derivation as 

“ sea ” and x6 v &P°*- 

4 Monograph of British Sponges , vol. iii. pi. xxxix.-xl. For revision of nomen- 
clature in this Monograph, see Hanitsch, Tr. Livtrp. Biol. Soc. viii. 1894, p. 173. 
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The colour of the species is as inconstant as its form, ranging 

from green to light brown and orange. MacMunn concludes 

from spectroscopic work that H. panice a contains at lease three 

pigments, a chlorophyll, a lipochrome, and a histohaematin. 1 

Lipochromes vary from red to yellow, chlorophyll is always 

associated with one or more ot them. Histohaematin is a 

respiratory pigment. Proof has not yet been adduced that the 

chlorophyll is proper to the sponge and is not contained in 
symbiotic algae. 

In spite ot all this inconstancy //. jianicea is one of the most 
easily determined species. It is only necessary to dry a small 
fragment, including the upper sur- 
face ; a beautiful honeycomb- like 
structure is then visible on this 
surface, and among British sponges 
this is a property peculiar to the 
species (Bowerbank). Whatever the 
form of the sponge, one or more 
large rounded apertures are always 
present on the exterior ; these are the 
“ oscula.” In the encrusting rnetamp 
the oscula are Hush with the general 
surface, while in the other cases they 
are raised on conical projections ; 
fistular specimens carry the osculum 

at the distal end, and the cocks- Fl °- 63.— Portion of the surface of 
comb has a row of them along its { l -P anil ^ : from dned specimen. 

upper edge. Much more numerous 
than the oscula are smaller apertures 

scattered over the general surface of the sponge, and known as 

OS LIU. 

If the sponge be placed in a shallow glass dish of sea water 
the function of the orifices can he made out with the naked eve 

= al V :r eiiowd rv haIkorcar,n * ne be added to the 

idJ has left Vfc «2T7? bCen gathered after the retreating 

- - — t 

1 Jvurn. Physiol, ix. 1888, p. 1 . 
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exposure and consequent suspended activity. 


The oscula then 


serve for the exit of currents of water carrying particles of solid 
matter, while the entrance of water is effected through the ostia. 

Sections show that the ostia lead into spaces below the thin 
superficial layer or “ dermal membrane ” ; these are continued 
down into the deeper parts of the sponge as the “ incurrent 
canals,” irregular winding passages of lumen continually dimin- 
ishing as they descend. They all sooner or later open by numerous 
small pores — ■“ prosopyles ” — into certain subspherical sacs termed 
flagellated chambers. Each chamber discharges by one wide 
aperture — “ apopyle ” — into an “ excurrent canal.” This latter is 



Fio. 64. — II. panicea : the arrows indicate the direction of the current, which is made 

visible by coloured particles. (After Grant.) 

only distinguishable from an incurrent canal by the difference in 
its mode of communication with the chambers. 

The excurrent canals convey to the osculum the water which 
has passed through the ostia and chambers. All the peri- 
pheral parts of the sponge from which chambers are absent are 
termed the “ ectosome,” while the chamber-bearing regions are the 
“ choanosome.” 

The peculiar crumb-of- bread consistency is due to the nature 
of the skeleton, which is formed of irregular bundles and strands 
of minute needles or spicules composed of silica hydrate, a 
substance familiar to us in another form as opal : they are 
clear and transparent like glass. They are scattered through 
the tissues in great abundance. 

The classes of cellular elements in the sponge are as follows: 
Flattened cells termed “ pinacocytes ” cover all the free surfaces, 
that is to say, the external surface and the walls of the excur- 
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rent ami incurrent canals. The flagellated chambers an* lined 
by “ choanocy tes ” (cf. Fig. 70, p. 176); these are cells provided 
at their inner end with a flagellum and a collar surroundiim 
it. They resemble individuals of the Protozoan sub-class 
Choanoflagellata, and the likeness is the more remarkable because 
no other organisms are known to possess such cells. Taken 
together the choanocytes constitute the “ gastral layer,” and they 
are the active elements in producing the current. The, tissue 
surrounding the chambers thus lying between the excurrent 
and incurrent canals consists of 
a gelatinous matrix colonised by 
cells drawn from two distinct 
sources. In the first place, it 
contains cells which have a 
common origin with the pina- 
cocytes, and which together with 
them make up the “ dermal 
layer”; these are the “collencytes” 
and “ scleroblasts ” ; secondly, it 
contains “ archaeocy tes,” cells of 
independent origin. 

Collencytes are cells with 
clear protoplasm and thread-like 
pseudopodial processes ; they are 
distinguished as stellate or bipolar, 
according as these processes are 
many or only two. Scleroblasts 

or spicule cells are at first rounded, but become elongated with 

the growth of the spicule they secrete, and when fully grown 
are consequently fusiform. G 

' ElU ' h S >r le consists of “*» organic filamenta* axis or axial 
fibre around which sheaths of silica hydrate are deposited succes- 
sively by the scleroblast. Over .the greater length of the spicule 

t Hhe : lt lS :ilU , CyllU l dri , ca1 ’ but at oae h end they taper to a point. 
" U ; l . Xla ' Cilnal ln Whlch t,le axial fibre lies is open at both ends 
and the fibre is continuous at these two points with an organic 

heath, which invests the entire spicule. From this structure 
o may conclude that the spicule grows at both ends— hr. it grows 
two opposite directions along one line— it has two rays lying in 





K) r 

Fio. 6f>. — Diagram mat ic section of a 
siliceous Sponge. a.p t Apopvle ; <?.o, 
dermal ostia ; e.r.c, excurrent, or ex- 
halant canal ; iw.c, inenrrent canal ; 
o, osculum. (Modified from Wilson.) 


one axis, and is classed among uniaxial diactinal spicules. Bein 
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pointed at both ends it receives the special name oxea. The 
lamination of the spicule is rendered much more distinct by heat- 
ing or treatment with caustic potash . 1 



Fig. 66. — Cut end of a length of a siliceous spicule from Hyalonema sieboldii , with the 

lamellar structure revealed by solution. x 104. (After Sollas.) 


The archaeocytes are rounded amoeboid cells early set apart 
in the larva ; they are practically undifferentiated blastomeres. 
Some of them become reproductive elements, and thus afford a good 
instance of “ continuity of germ plasm,” others probably perform 
excretory functions . 2 

The reproductive elements are ova and spermatozoa, and are 
to be found in all stages in the dermal jelly. Dendy states that 
the eggs are fertilised in the inhalant canals, to which position 

they migrate by amoeboid movements, and 
there become suspended by a peduncle. 

The larva has unfortunately not been 
described, but as the course of development 
among the near relatives of H. jxinicea is 
known to be fairly constant, it will be con- 
venient to (rive a description of a “ Hali- 
chondrine type ” of larva based on Maas 
account of the development of Gellivs varius. 
jjt jc The free -swimming larvae escape by the 

Fig. 67. — Free-swimming osculum ; they are minute oval bodies moving 

rapidly by means of a covering of cilia. 
The greater part of the body is a dazzling 
white, while the hinder pole is of a brown 
violet colour. This coloured patch is non- 
ciliate, the general covering of cilia ending at its edge in a 
ring of cilia twice the length of the others. Forward move- 

1 Sollas, Ann. Mag. Nat. Hist. (4) xx. 1877, p. 285 ; Biitschli, Zcitschr. / wist. 
Zool. xix. 1901, p. 236. 

2 Mincliin, “Sponges" in Treatise on Zoology , edited by E. Ray Lankester, p. 
87. See also Bidder, Proe . Roy. Soc. li. 1892, p. 474. 

3 Zool. Jahrb. Anat. vii. 1894. 



larva of (Jellius varius, 
in optical section, a. 
Outer epithelium ; pi, 
pigment ; x, hinder 
pole. (After Maas.) 
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ment takes place in a screw line; when this ceases the larva 
rests on its hinder pole, and the cilia cause it to turn round 
on its axis. 

Sections show that the larva is built up of two layers : — 

1. “ The inner mass,” consisting of various kinds of cells in a 
gelatinous matrix. 

2. A high flagellated epithelium, which entirely Corel's the 
larva with the exception of the hinder pole. 

The cells in the inner mass are classified into (1) undifferenti- 
ated cells, recognised by their nucleus, which possesses a nucleolus ; 
these are the archaeo- 

cytes ; (2) differentiated ma l 

eells, of which the nucleus 
contains a chromatin net ; 
these give rise to pinaco- 
cytes, collencytes, and 
scleroblasts. Some of them 

form a flat epithelium, l ’ I °- 68.— Longitudinal section through the hinder 

which covers the hinder P °n of the larva of a. vurius. a, Flagellated 

wmcu CO\trs one ninuci cells ; ma\ undifferentiated cell ; uni-, difleren- 

pole. Some of the sclero- tiated cel1 » 1**' pigment ; Ur, surface of hinder 

1 1 , ,1 , . P°le- (After Maas.) 

blasts already contain 

spicules. Fixation occurs very early. The front pole is used 
for attachment, the pigmented pole becoming the distal end 
(Fig. 69). The larva flattens out, the margin of the attached 
end is produced into radiating pseudopodial processes. The 
flagellated cells retreat to the interior, leaving the inner mass 
exposed, and some of its cells thereupon form a flat outer 
epithelium. This is the most important process of the meta- 
morphosis; it is followed by a pause in the outward changes, 
coinciding in time with rearrangements of the internal cells” to 
. 8 lve rise to the canal system ; that is to say, lacunae arise in the 
inner mass, pinacoeytes pass to the surface of the lacunae, and 
form their lining ; the flagellated cells, which have lain in con- 
fusion, become grouped in small clusters. These become flagellated 
chambers, communications are established between the various 
portions of the canal system, and its external apertures arise, 
here is at fust only one osculum. The larvae may be obtained 

J ee P ln gthe parent sponge in a dish of sea water, shielded 
torn 00 bright a light, and surrounded by a second dish of 
wa er to keep the temperature constant. They will undergo meta- 
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morphosis in sea water which is constantly changed, and will live 
for some days. * 

We have said that the young sponge has only one osculum. 
This is the only organ which is present in unit number, and it is 
natural to ask whether perhaps the osculum may not be taken as 
a mark of the individual ; whether the fistular specimens, for 

example, of H. panicea may 
not be solitary individuals, 
and the cockscomb and other 
forms colonies in which the 
individuals are merged to 
different degrees. Into the 
metaphysics of such a view 
we cannot enter here. We 
must be content to refer to 
the views of Huxley and 
of Spencer on Individuality. 


Fig. 09. — Larva of (Jellius varius shortly after 
fixation. The pigmented pole, originally 
posterior, is turned towards the reader. R, 
Marginal membrane with pseudopodia ; x, 
hinder pole. (After Maas.) 


hut it is advisable to 
avoid speaking of *a multi- 
osculate sponge as a colony 
of many individuals, even 


in the sense in which it is usual to speak of a colony of polyps 
as formed of individuals. The repetition of oscula is probably 
to be regarded as an example of the phenomenon of repetition 
of parts, the almost universal occurrence of which has been 
emphasised by Bateson . 1 Delage 2 has shown that when two 
sponge larvae fixed side by side fuse together, the resulting 
product has but one osculum. This, though seeming to bear out 
our point of view, loses weight in this connexion, when it is 
recalled that two Belli noderm larvae fused together give rise 
in a later stage to but one individual. 


Ephydatia fluviatilis. 

In the fresh water of our rivers, ponds, and lakes, sponges are 
represented very commonly by Ephydatia ( SpongUla ) Jluviatihs, 
a cosmopolitan species. The search for specimens is most likely 

1 Materials fvr Ihe Nluuly of VarxtUitm , 1894, p. 30. 

2 Arch, dc Zool. Exp. (2) .x. 1892, pp. 319-498. On the general subject of 
adhesion of species, see lioworbank, Hril. Ass. Hep. 1897, p. 11, who quotes Grant 
as the first to observe the phenomenon. 
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to be successful if perpendicular timbers such as lock-gates are 
examined, or the underside of floating logs or barges, or over- 
hanging branches of trees which dip beneath the surface of the 
water. 

The sponge is sessile and massive, seldom forming branches, 
and is often to be found in great luxuriance of growth, masses of 
many pounds weight having been taken off barges in the Thames. 
The colour ranges from flesh-tint to green, according to the 
exposure to light. This fact is dealt with in a most interesting 
paper by 1 rofessor Lankester, 1 who has shown not only that 
the green colour is due to the presence of chlorophyll, but that 
the colouring matter is contained in corpuscles similar to the 
chlorophyll corpuscles of green plants, and, further, that the iiesh- 
coloured specimens contain colourless corpuscles, winch thoimh 
differing in shape from those which contain the green pigment are 
in all probability converted into these latter under tlm influence 
of suthcient light. The corpuscles, both green and colourless are 
contained in amoeboid cells of the dermal layer ; 2 and in the same 
cells but not m the corpuscles are to be found amyloid substances. 

The anatomy ot Ephydatia Jluviatilis is very similar to that 
of Hahchondnn panicea, differing only in one or two points of 
importance. The ectosome is an aspiculous membrane of dermal 
tissue covering the whole exterior of the sponge and formi.m the 
root of a continuous subdermal space. This dermal membrane 
is perforated by innumerable ostia, and is supported above the 
• ubdermal cavity by means of skeletal strands, which traverse 
the subdenind cavity and raise the dermal membrane into tent- 
ike elevations, termed conuli. The inhalant canals which arise 
H thu fl °° r , of . the subdermal cavity are as irregular as in 

’Zzs z: ir 
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be covered in various degrees with minute conical spines (Fig. 72, 
a , b). These spicules are connected by means of a substance 
termed spongin deposited around their overlapping ends, so as to 
form an irregular network of strands, of which some may be 
distinguished as main strands or fibres, others as connecting fibres. 
In the main fibres several spicules lie side by side, while in the 
connecting fibres fewer or frequently single spicules form the 
thickness of the fibre. The fibres are continuous at the base 
with a plate or skin of spongin, which is secreted over the lower 
surface of the sponge and intervenes between it and the sub- 



Fio. 70 . — Ephydalia Jluviatilis. Section of flagellated chamber, showing the choanocytes 

passing through the apopyle. (After Vosmaer and Pekelharing. ) 

stratum. Of the chemical composition of spongin we shall speak 
later (see p. 237). It is a substance which reaches a great im- 
portance in some of the higher sponges, and forms the entire 
skeleton of certain kinds of bath sponge. Lying loose in the soft 
parts and hence termed flesh spicules, or microscleres, are minute 
spicules of peculiar form. These are the amphidiscs, consisting of 
a shaft with a many-rayed disc at each end (Fig. 72). 

In addition to its habitat the fresh-water sponge is worthy 
of attention on account of its methods of reproduction, which 
have arisen in adaptation to the habitat. A similar adaptation 
is widespread among fresh-water members of most aquatic in- 
vertebrates. 1 

1 Sol las, TV. Dublin Soc. (2) iii. 1884, p. 87. 
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Ephydntia Jiuviatilis normally produces not only free-swini 

aTxuaUv " Th f ’TS- hut 8-»n„Ies arising 

sexualh. Ihese bcxlies appear in autumn, distributed thro.mh 

out the sponge, often more densely in the deeper layers, and they 
come into activity only after the death of the pai'ent an event 
which happens m this climate at the approach of winter 

Wei ner has shown that on the death and disintegration of 

old sh 7 SP, "‘ gU 801 "? ° f the remain attached to the 

•skeleton, some sink and some float. Those which remain 


a 


a 



"Voirrrr i ti,e skeietai 

... Jhi'PuUilui. a Main 

Winner*’ C ° ni ‘ eCti "« «'>"»• ' (After 


O* a' I,iCU ! eS ° f K -" uriati < «• " * r 

.Use, S a V <l S '", O0th : 

> Us’) ‘ a " J L '" 11 Vi — • (After 


tesue. They inherit, as it were tlm • h f livi "« 

which contributed to the survival’ of t> gCS ot ‘ P°"'tiou 

selected fittest. The gem, miles whit 1 t, ? e l*"* 111 - ■« one of the 
short distances along the bottom T? doubtIess lolled 
! UVe opportunity of wide y d \ T tW float 

U,e ri 7 of b «i»g washed out to sea P 7^ the S1)ecies 
gem mules are exposed to f ur ] ess d ..j ' , "f even thus « floating 

swimming larvae, for their soft ! 1 TS 1 ,au the delicate free- 

*>«* « armed Z ZT ***** 

he ‘™ mol “ •“ f „ r their 
VO,.. , 1 X-* ° f 
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resistance to climatic conditions, powers which must contribute 
in no small way to the survival of a species exposed to the 
variable temperatures of fresh water. Thus, il the floating 
gem mules or the parent skeleton with its attached and domiant 
offspring should chance to he included in the surface layer of 
ice during the winter, so far from suffering any evil consequences 
they appear to benefit by these conditions. P>oth Potts and 
Weltner have confirmed the truth of this statement by ex- 
periment. Weltner succeeded in rearing young from geinmules 
which had suffered a total exposure of 17 days to a temperature 

“ under 0° C.” _ . 

Of important bearing on the question of the utility ot^ the 

gemmules are certain instances in which E. jluviatilis has bten 

recorded as existing in a perennial con- 
dition. 1 The perennial individuals may 
or may not bear gemmules, which makes 
it evident that, with the acquisition of the 
power to survive the winter cold, the prime 
necessity of forming these bodies vanishes. 
^ The perennial specimens are descri et 

as exhibiting a diminished vegetative 

Kiel. 73. — (iennnule of K. activity in winter, the flagellated chiim oers 

jluviatilis. i>, Amphi- m}1 y \ )0 absent (Lieberkiihn), or presen 

disc. (After Potts.) J n » lt< _ / w»*ltaier), the 

unusually small numbers (Wtiimi;, 

entire canal system may be absent (Metschnikoff ), °i, on 
other hand, it may be complete except for the osculuin. ^ 

In tropical countries gemmulation occurs as a de ence ll ° 
the ravages caused by the dry season when the watt is j*' 
down their banks, exposing all or most ot their sponge m 
ants to the direct rays of the sun. The sponges Hit a 
killed, but the contained gemmules being thoroug i y • 

become eflicient distributing agents ot the species, t iey ’& n 

enough to be earned on the wind. It is probable the > . 
individual sponges which escape desiccation survive 

season without forming gemmules. , l0 t 

It has been shown experimentally that gemmu es < 

injured by drying— Zykoff found that gemmules kept dry 
period of two years had not lost the power of germination. 

1 Weltner, Hiatt. Ayuar. Fr. vii. 1896, p. 277, and “ SpongiH»d cnhtu 
Arch. Natury. ii. 1893, p. 271. 
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rhe matin e gemmules consist of a more or less spherical 
mass of cells, which we shall refer to as yolk cells, ami of a 

(Ki‘! 74wr I 11U V a T ' S 1,1,,videtl with :l l ,ore Pore tube 
Ti , h . 18 Cl ° Sei1 wi,,Un ' l, J' on organic memhrane. 

me are Lime layers m the coat: an inner chitinous 

:?7 r°r M hy U “ %er, which IS finely 

( similar, showing a structure, recalling plant tissue and con 
' '.“"g ooiphuhses arranged along radii passing through the 
centre of the genimule. One of the discs of "d, amphidisc 

tlle "'.T' dut,,10,,fi eoat, while the other lies in a similar 

- - ££ 

Mai shall lias ili-if m> * r % 

" Ule nvel ' current; and no doubt 
the sinking or floating of individual 
geiuniules depends on the relative 
degree of development of the air- 
chainhers and of the amphidiscs. 

A study of the development of 
nphydatia gemmules vividly ill us . . . j r 
t rates various characters of the inner F „. 

processes of sponges. Specially note- - ?rt a ,on sit..Ui..»i 

worthy are the migrations of cells 
and the slight extent to which divi- 

” J l " e “• »" «* ft. to 

- — “,S=“ “ ‘ “ * ™" 

lese move into the deeper parts of the « “ membmne - 

4*'mps They are the essential part of the’ 0 "^ t °, 1 ° m la ' Ker 
cclhs, which, when germination tikes nlace ,r ei,H,1 . ule ' the jolk 
sponge. They are followed bv tw. I r ’ " 1VU 11Se to ;l u «w 
moving cells. Those formiim the f f " t " troo l JS of actively 
■<mnd the yolk cells and ulUm atel J P “"“"S 8 th «»‘«elves 

Lliat they make an epithelioid layer ^“v tl “ COlu " UUlr 1 ' 0n " so 
chitinous coat. The cells of the ’ , th<?n setTute tlie inner 

tI,e llu frition of the gen, mule are entrusted with 

tl,,! >' olk cells, distribute their food T' ly the >’ 1 «» in among 

' Evans make their escap°e 

r ' ou,Am * Ilcr - Xci. xliv. 1900 , p. 72. 
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by returning into the tissues of the mother sponge, before the 
columnar cells have completed the chitinous coat. Yet another 
migration now occurs, the cells — “ scleroblasts ” — which have been 
occupied in secreting amphidiscs at various stations in the sponge, 
carry the fully formed spicules to the gemmules and place them 
radially round the yolk cells between the radially lying cells of 
the columnar layer. The scleroblasts themselves remain with the 
amphidiscs, and becoming modified, contribute to the formation ol 
the air-chamber layer. The columnar cells now creep out between 
the amphidiscs till their inner ends rest on the outer ends ot 
these spicules. They then secrete the outer chitinous coat and 
return to the mother sponge. 

Carter gives directions 1 for obtaining young sponges from 
the gemmules. The latter should be removed from the parent, 
cleaned by rolling in a handkerchief, and then placed in water 
in a watch-glass, protected with a glass cover and exposed to 
sunlight. In a few days the contents of the gemmule issue from 
the foramen and can be seen as a white speck. A few hours 
later the young sponge is already active and may be watche 
producing aqueous currents. At this age the sponge is an 
excellent object for studying in the living condition : being 
both small and transparent it affords us an opportunity ol 
watching the movements of particles of carmine as they Jlie 

carried by the current through the chambers. 

Potts 2 describes how he has followed the transporta o 
spicules by dermal cells, the end of each spicule multiply 111 # 

the motion, swaying like an oscillating rod. 

In E. fluviatilis reproduction also occurs during the wanner 
months in this climate by means of sexual larvae. These aie 
interesting for certain aberrant features in their metamoip iosis.^ 
While some of the flagellated chambers are formed in the norma 
way from the flagellated cells of the larva, others arise each >y 
division of a single archaeocyte. This, it is suggested, is c( |i 
related with the acquisition of the method of reproduction >} 
gemmules, the peculiarities ( i.e . development of organs l0in 

archaeocytes) of which are appearing in the larvae. 

Definition. — We may now define sponges as multicellu <n, 

1 Ann. Mag. Nat. Hist. (2), x. 1882, p. 365 

2 P. Ac. Philad. 1887, pp. 158-278.' 

2 Evans, Quart. Journ. Micr. Sci. xlii. 1899, p. 363. 
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two- layered animals; with pores perforating the body-walls and 

admitting a current of water, which is set up l.y the collared 
colls ot the “ gastral layer. 

Position in the Animal Kingdom.— Sponges are the only 
nndticelhdar animals which possess choanocytes, and their mode 

° lny “ U,llqUe - Since th «y are two-layered it has been 
sought to associate them with the Metazoan phylum Coclcn- 

terata, but they arc destitute of nematoeysts or any other form 

ot stinging cell, and their generative cells arise from a class of 

embryonic cells set apart from the first, while the generative 

cells of Coelenterata are derived from the ectoderm, or in other 

cases from the endoderm. These weighty differences between 

sponges and that group of Metazoa to which they would if of 

MmlT't 1 , ? tUre ? ?! 1 ’ 1,6 m0St lik< % * «*ow resemblance, 

■ t tliat we should seek a separate origin for spoimes and 

stockTi u"n lral ![ tUrn t0 the ( -’ hoan °flagellate Infusorian 

Stock (Sic p. 121) as the source of Porifera, leaving the filiate 
stock as the progenitors of Metazoa. 

That both Porifera and Metazoa are reproduced by ova and 

certain -ret" lr t repndwtive wlls bus been demonstrated in 

VieW i ''• v f “‘" »' cnibryo- 

if e L rv .T mt ’ " T* •*** “ 

**»»* “»■ ‘o tlie ect.de™. ; 

statement that the digestive cells the in ‘ U ,,no,,1,lIoU8 
the covering. „ IU ; cell, end.de™,., 1 . ... „te nth” T*"?* 

our comparisons with the adults then ,1 f n t, stalt 

ectoderm has the characters of an , n lvl 'f the larval 

endodenn those of an ectoderm. ' 1 tmn ' aud tho larval 

poi,ff h the^hltrsho^v tha^hf Iead >« to the same 

agreement between Porifera anil ° f ^ fundanieu bil 

regard the two stocks as i"depend en TZ* ?, “ 
bence the name Parazoa (Sollas) has 1 ‘ 16 VCTy hlSt ’ aud 

which contains the Porifera as its cnl l’" " glVe “ to the "roup 
Interesting in connex-L 1 } known l%lum. 

the Choanoflagellatc .^ nU8 p T the of Parazoa is 

0 enus Protcrosponijia (Fig. 75), described by 
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Saville Kent, and since rediscovered both in England and 
abroad . 1 This is a colony of unicellular individuals embedded 
in a common jelly. The individuals at the surface are 
choanoflagellate, while in the interior the cells are rounded 



Fig. 75 . — Prot eras pong ia harckrli. a. Amoeboid cell ; b, a cell dividing , c, ce ^ 

with small collar ; z , jelly. x 800. (After S. Kent.) 


or amoeboid, and some of them undergo multiple fission to 0111 
reproductive cells. This is just such a creature as we inl r^ 
imagine that ancestral stage to have been ol which the ie 
swimming sponge larva is a reminiscence : for we have w 
that the flagellated cells of the larva are potential choanocytes. 

1 France, Oryanismus d.cr C rasjtcdoinonad.cn , Budapest, 1897, p* 
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POKIFEIIA (COXTIXCF.n) : FORMS OF SPICULES CALC A RF A 

HOMOCOELA HETKROCOELA HEX ACTIN' ELLI I»A DEMOS PON - 

OUE TETR ACT 1 N ELLII »A MONAXONIDA — CERATOSA KEY 

f IO BRITISH GENERA OF SPONGES 

Sponges fall naturally into two branches differing in the size of 
her ehoanocytes : in the Megamastictora these cells are reh, 

TKTuiiA TC ’ '“ ym r ^ ; in ttSZ. 

■ l Z,“u T dia "‘ ete ‘ »•« subdivision 

“» ■ p “8 1 “ " rc s “ il i ,u P°rtni,t weapons i„ tl.e 
• ic s)stcm«itist that it is convenient to name them 

*» * — » *»mm This has been Li ved at Tv 
considering first the number of axes along wld tte mein 

b one 0, the .pick, „„ distributed, ,.„d secondly wl, Z 

sr? » r «- »« *» «« - 

di^taf “LiSti f ro "' liko to r in whid ' i. 

zr “ rre " - -w Tii e^To 

a phah^s^^hiri^;; 1 ^: rh ? hdi ”, (Fi - 7g - «> 

ends a “strongvle” knobbed t ° Xea ’ lounde il :it both 

brandling n rh ,„,y heeom A A fZ." *X 

g mradiate monaxon RninnP a ^ l > 0* 

tt 7 , spicules are termed “ stvli ” 

n * ' dr axons . — Spicules It, i ^ ' 

hich growth proceeds from an 


o ®”!! as ’ E ‘ u l Britannica, art -Snongne ■> 
Sollas , Ann. Man. Kal jr rr ' P ?cs > 

Pt. lxiii. 1888, p. lij. • ,n - 18 '». 1*. 23 ; 


1887. 

Challcmjcrr Report, vol. xxv. 
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origin in one direction only, along four axes arranged as normals 
to the faces of a regular tetrahedron. Forms produced by growth 



Fig. 76. — Types of megnscleres. a, Rhabdus 
(monaxon diactine) ; b , stylus (monaxon 
monactine) ; c, triod (tetraxon triactine); 
cl, calthrop (tetraxon tetractine) ; e, 
triaxon hexactine ; f , euaster. 


from an origin in one direction 
along three axes lying in one 
plane are classed with tetraxons. 

III. Triaxons . — Spicules in 
which growth is directed lrom 
an origin in both directions 
along three rectangular axes. 
One or more actines or one or 
two axes may be suppressed. 

IV. Polyaxons . — Spicules in 
which radiate growth from 
a centre proceeds in several 

directions. 

V. Spheres. — Spicules in 
which growth is concentric 

about the origin. 

A distinction more funda- 


mental than that of form is afforded by the chemical composition . 
all sponges having spicules composed of calcium carbonate belong 
to a single class, Calcarea, which stands alone in the branch 
Megamastic tora. 


BRANCH I. MEGAMASTICTORA 

CLASS CALCAREA 

Calcarea are marine shallow-water forms attached for the most 
part directly by the basal part of the body or occasionally by t e 
intervention of a stalk formed of dermal tissue. They are almos 
all white or pale grey brown in colour. Their spicules aie 
either monaxon or tetraxon or both. The tetraxons are either 
quadriradiate and then called “ caltrops,” or triradiate when 
the fourth actine is absent. The triradiates always lie more or less 
tangentially in the body-wall ; similarly three rays of a calthrop 
are tangentially placed, the fourth lying across the thickness o 
the wall. It is convenient to include the triradiate and the 
three tangentially placed rays of a calthrop under the common 
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toiin triradiate system (Minchin). The three rays of one of 
these systems may all he equal in length and meet at equal 
angles: m this case the system is “regular.” Or one rav or 
one angle may differ in size front the other rays or angles re- 
spectively, which are equal : in either of these two cases the 
system is bilaterally symmetrical and is termed "sagittal.” A 
special name “ alate ” is given to those systems 'which are 
sagittal in consequence of the inequality in the angles. Thus 
all equiangular systems whether sagittal or not are opposed to 
those which are alate. This is the natural classification. 1 


Sub-Class I. Homocoela. 

The Homocoela or Ascons possess the simplest known type 
of canal system, and by this they are defined. The body is a 
sac, branched in the adult, but simple in the young; its continu- 
ous cavity ,s everywhere lined with choanocytes, its wall is 

‘ZtS lnl i a ant POreS ’ and its c «' dt 7 opens to the exterior 
at the distal end by an osculum. The simple sac-like young is 

the well-known Olynthus of Haeckel-the starting-point Iron, 
which all sponges seen, to have set out. Two procesL are in- 
volved in the passage from the young to the adult, namely multi- 

orTiT' 1 H theT 7’ br T hing ° f the ° ri « i,wl Olynthus tube 
fission of the sac, and the branching of the latter is JK 7) 

hL'. n ,^M »r”“ d of y „ t h" * h ” •.« other 

what is termed reticulate body forirTthat'iVTsif g ' V, ° g nse lo 

sisting of a network of tuhJ 1 ' 8pon g e bod y con- 

external indication of th r S6Veral ° scula ' but with no 

each osculum These outward" ^ P ° rtions drained b T 

classification, b - ^ 

difrerence, i„ structure J d developmrf 

formed'of twoiayers^^tbel a'r tf sponges ’ lhe l«dy-wal] is 

. continuous S to ,,f T -* f °™'" g 

0 t0 the Ascou ^be and its branches. The 

»n, I^nkester s Trm^sc on Zoology , pt. ii. 1900. 

Minclun, loc. cit. p. 119, 
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dermal layer includes a complete outer covering of pinacocytes, 
which is reflected over the oscular rim to meet the gastral layer 
at the distal end of the tube ; a deeper gelatinous stratum in 
which lie scleroblasts and their secreted products — calcareous 
spicules ; and finally porocytes . 1 These last are cells which traverse 
the whole thickness of the thin body-wall, and are perforated by 
a duct or pore. The porocytes are contractile, and so the pores 
may be opened or closed ; they are a type of cell which is 
known only in Calcarea. It will be noticed that the fusiform or 




stellate “connective tissue cells ” are 
absent. The layer of pinacocytes as 
a whole is highly contractile, and is 
capable of diminishing the size of 
the sponge to such an extent as quite 
to obliterate temporarily the gastral 
cavity." 

The choanocytes show certain con- 
stant differences in structure in the 


77 T v . ... families Clathrinidae and Leucoso- 

r Iu. //. — l lie two types of Asconid 

collar cells. A, of C/uthrina , leniidae respectively. In the former, 

nucleus basal ; B. of Lruco- ,, i c *\ .u 

solcnia , nucleus not basal, t,1G nil( -* leUR of the choanocyte IS 

flagellum arising from tiie basal ; in the latter, it is apical, and 
nuclear membrane. (A, after . x ,, n t . ^ 

Minchin ; B, after Bidder.) the flagellum can be traced down to 

it (Fig. 77). 

The tetraxon spicules have “ equiangular ” triradiate systems in 
the Clathrinidae, while in Leucosoleniidae they are “alate.” Finally, 
the larva of Clathrinidae is a “parenchymula” (see p. 226 ), that of 
Leucosoleniidae an “ amphiblastula.” 

The fact that it is possible to classify the Calcarea Homocoel i 
largely by means of histological characters is in accordance witli 
the importance of the individual cell as opposed to the cell-layers 
generally throughout the Porifera, and is interesting in serving 


to emphasise the low* grade of organisation of the Phylum. The 
organs of sponges are often unicellular (pores), or the products of 
the activity of a single cell (many skeletal elements); and even 
in the gastral layer, which approaches nearly to an epithelium, 
comparable with the epithelia of Metazoa, the component cells 


Bidder, Quart. Journ Micr. Sci. xxxii. 1891, p. 631, 'and Minchin, Quart. 
Journ. Micr. Sci. xxxiii. 1892, p. 266. 

- Minchin, Lankestcr’s Treatise on Zoology, p. 30 . 
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still seem to assert their independence, the flagella not lashing 
in concert, 1 hut each in its own time and direction. 


Sub-Class II. Heterocoela. 

The Heterocoela present a series of forms of successive grades 
of complexity, all derivable from 
the Ascons, from which they differ 
in having a discontinuous gastral 
1 } ' u ■ I lie simplest ITeterococla 

are included in the family Sycet- 
tidae, <>t wliicli the Ilritish repre- 
sentative is Si/ron (Fig. 79). In 
•V"" numerous tulmlar flagellated 

chandlers are arranged radially ^ u 

round a central cavity, the “ pura- 
gaster,” into which they open (Figs. 

' t9). The cluimhers, which are 
here often called radial tubes, are 



m V 1 ™“ sl ' l ' rse option of tlie 

ol cartm, stowing articulate 'tul.-'r 

skeleton, gastric ostia tufts of ox, -as at 

<, ^ tal ei,,ls of t]| e chambers (ff.ch) ami 
| 'ores (/>). (Alter Dernly.) 



f* 10. 7 Ss I/O >)i cnrouuhtnl. At ll 

a l ,ortio, ‘ <‘f 'lie wall is removed, 
exposing the paragaster and the 
gastric ostia of the el, ambers 
opening into it. 


close set, leaving more or , 

' ac h’angular tulmlar spaces, the 

Vusmaer and Pekelharin- Vcrh Ah , , , 

■ Ak • Amsterdam t (2) vi. 3, ISOS, p 1 
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inhalant canals, between them; and where the walls of adjacent 
chambers come in contact, fusion may take place. Tores guarded 
by pomcytes put the inhalant canals into communication with 
the flagellated chambers. The paragaster is lined by pinaco- 
cytes; choanocytes are confined to the flagellated chambers. 

The skeleton is partly defensive, partly supporting; one set 
of spicules strengthens the walls of the radial tubes and forms 

collectively the “ tubar skeleton.” 
It is characteristic of Sycettidae 
that the tubar skeleton is of the 
type known as “articulate” — i.e. 
it is formed of a number of 
successive rings of spicules, in- 
stead of consisting of a single 
ring of large spicules which run 
the whole length of the tube. 

The walls of the paragaster 
are known as the“gastral cortex”; 
they contain quadri radiate spi- 
cules, of which the triradiate 
systems lie tangentially in the 
gastral cortex, while the apical 
ray projects into the paragaster, 
and is no doubt defensive. The 
distal ends of the chambers 

n"'”!' Yo„„g Sponge bristle wifch tufts 0 f oxeat e 
x dy Dermal cell ; #7, gastral 

cell ; 0 y oscuium ; j) t pore cell ; sp v spicules, and the separate cham- 

(A°fter MaLs.)'^” triradiate spicul,; - bers are distinguishable in sur- 

face view. It is interesting to 
notice that in some species of Sycon, the gaps between the 
distal ends of the chambers are covered over by a delicate 
perforated membrane, thus leading on, as we shall see presently, 
to the next stage of advance. 1 The larva of Sycon is an 
amphiblastula (see p. 227). Fig. 80 is a drawing of the young 
sponge soon after fixation ; it would pass equally well for an 
ideally simple Ascon or, neglecting the arrangement of the 
spicules, for an isolated radial tube of Sycon. Figs. 8 1, 82 show 
the same sponge, somewhat older. From them it is seen that 
the Sycon type is produced from the young individual, in what 

* Dciuly, Quart. Journ. Micr. Sri. xzxv. 1894, p. '1W. 
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may be called its Ascon stage, by a process of outgrowth of lubes 
from its walls, followed by restriction of choanocytes to the 
ilagellated chambers. Minute observation has shown 1 that this 
lattei event is brought about by immigration of pinacocytes from 
the exterior. These cells creep through the jelly of the dermal 



- SlS? . 


o, Osculum 



la)er and line the paracaster as •* . . 

• w»r «T L “• a cot " i, ' s of 

83 t " Uil " V *»*• f/ " 

dermal layers over the TV s r ucture m the thickening of the 

tl»ke„inL Zv ll “ T* 1 «* "'“"■lx-. Tl„r der 

8 , neighbouring ext, Ily 

aas, Zeilschr. U 'iss. Zuol. Ixvii. 1899-1900, ]». 215. 
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meet ; and there results a sheet of dermal tissue perforated 
>y dermal ostia, which open into the inhalant canals, and 
strengthened by stout spicules running longitudinally. This 
layer is termed a cortex ; it covers the whole sponge, compacting 
the radial tubes so that they form, together with the cortex, a 
secondary wall to the sponge, which is once more a simple 
sac, but with a complex wall. The cortex may he enormously 
developed, so as to form more than half the thickness of the 



bio. 82. St/ nm ruphanus. A, Longitudinal 
section of young decalcified Sponge at a 
stage somewhat later than that shown in 
Fig. 81. B. Transverse section of the 
same through a whorl of tubes. ,/, Dermal 
membrane ; 7, gastral membrane ; //, 

paragaster ; */> 4 , tef rn radiate spicule; T, 
radial tube. (After Manx.) 



I* Hi. 83. — Transverse section of the 
body-wall of /7 k, passing longi- 
tudinally through two chambers. 
a -P% Apopyle ; t/.u, dermal ostium ; 
//.c/z, flagellated chamber or radial 
tube ; i.c, inhalant canal ; />, pro- 
sopylc. (After Dendy.) 


wall ! fig. 84). The chambers taken together are spoken of as 
the chamber layer. 

We have already alluded to the resemblance between a young 
Aston person and a radial tube of Syeon — a comparison which 
calls to mind the somewhat strange view of certain earlier 
authors, that the flagellated chambers are really the sponge 
individuals. If now we suppose each A scon -like radial tube of 
Syon to undergo that same process of growth hy which the 
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Si/con itself was derived from the Ascun. we shall then have a 

sponge with a canal system of the type seen in Lcucandra 

among British iorms, but more diagrammatically shown in the 
loreign genus Lcucilla (Fig. 


80). The foregoing remarks 
do not pretend to give an 
account ot the transition from 
S yam to Lcucilla as it occurred 
in phylogeny. For some in- 
dication of t his we must await 

embryological research. 

In Lcnca ndra the funda- 
mental structure is obscured 
by the irregularity of its canal 
system. it shows a further 
and most important difference 
fn>m Lcucilla in the smaller 
size and rounded form of its 
chambers. This change of 
form marks an advance in 

elliciency ; for now the Hagella 




o 



Fa;. 84. Transverse section through th<* 
1 * 0 , ly- wall of <{nnttiv,Mis. </.», \Kvuui) 
ostmu, ; flagellated chamber • / ,■ 

long liicum-nl canal traversing tin- thirl! 
cortex to reach the ehambct lave. • 
apopylc. (After Den.lv. 1 


77Z to 1 V ent A sot,lilt tlwy M 1)11 

1 ’ "Ole m the tubular chamber their action is more 

widely distributed 



and proportionately 
less intense (see p 
236 ). 

Above are clo- 
set ibed three main 
types of canal system 
that of Homocoela. 
°* St/ro/i, and of 
Lf.uca ml ra and Zc//- 


Jl'Ch, chamber • i j,ihaiai t 1 * '• •*> ' eanal ; 

. <■', ■••■mlai.t canal. (Alter D.-mlv.) 

hrit‘lly described as related in , l * Ve 

same way as a scape, umbel "> »li 

• ‘••oinpouml umbel amuie 


cilia . 

These a. re 

con- 

Veniently termed 

the 

first, 

second, 

and 

third 

types res 

pee- 

tivelv, 

V 

and may 

’ he 


O 
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inflorescences. These types formed the basis of Haeckel’s 
famous classification. 1 It has, however, been concluded 2 that 
the skeleton is a safer guide in taxonomy, at any rate for 
the smaller subdivisions ; and in modern classifications genera 
with canal systems of the third type will be found distributed 
among various families ; while in the Grantiidae, Ute and 
Leucandra stand side by side. This treatment implies a belief 
that the third type of canal system has been independently and 
repeatedly evolved within the Calcarea — an example of a pheno- 
menon, homoplasy, strikingly displayed throughout the group. 
It is, remarkably enough, the case that all the canal systems 
found in the remainder of the Porifera are more or less modified 
forms of one or other of the second two types of canal system 
above described. 

The families Grantiidae, Heteropidae, and Amphoriscidae, all 
possessing a dermal cortex, are distinguished as follows: — The 
Grantiidae by the absence of subdermal sagittal triradiate 
spicules and of conspicuous subgastral quadriradiates ; the 
Heteropidae by the presence of sagittal triradiates ; the 
Amphoriscidae by the presence of conspicuous subgastral quadri- 


radiates. 

Two families of Calcarea, possibly allied, remain for special 
mention — the Pharetronidae, a family rich in genera, and con- 
taining almost all the fossil forms of the group, and the Astro- 
scleridae. 


The Pharetronidae are with one, or perhaps two exceptions, 
fossil forms, having in common the arrangement of the spicules of 
their main skeletal framework in fibres. The family is divided 
into two sub-families : — 

I. Dialytinae. — The spicules are not fused to one another , 
the exact mode of their union into fibres is unknown, hut an 
organic cement may be present. 

Lelapia australis , a recent species, should probably be placed 
here as the sole living representative. Dendy has shown 3 that 
this remarkable species has a skeleton of the same fibrous character 
as is found in typical Dialytinae, and that the triradiate spicules 
in the fibres undergo a modification into the “ tuning-fork ” type 
(Fig. 86, C), to enable them to be compacted into smooth fibres. 


1 “Die Kalkschwanune,” 1871. Dendy, toe. cit. p. 1^9* 

3 Quart. Journ. Micr. Sci. xxxvi. 1894, p. 127. 
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Tuning-forks,” though not exclusively confined to Pharetronids 
are yet very characteristic of them. 





Fio. 86. — Portions of the skelpfnn t > / 

free spicules. corfcex containing 

The sub-family contains onlv rmr> i;, r ; 
recently described fossil forms ' ft,,™,, 8 ^."t 8 “ few 

shallow water near Japan , 7, eJo #"• “ 

mnia halil ’ and Bactronella were 
found in Eocene beds of Victoria- 
Porosphaera , 3 long known from the 
Chalk of England and of the Con- 
tinent has recently been shown by 
Hinde to be nearly allied to Plectro- 
ninia ; finally, Plectinia * is a genus 
erected by Poeta for a sponge from 
Cenomanian beds of Bohemia. 

Doederlein, in 1896, expressed his 
opnuon that fossil representatives , , n 

of Lithoninae would most surely be < ' 

discovered. The fused spicules are F, °- r 8 J-~ A spica.e f ro „, the ske .eto n 

J • '• framework of Plectroninia. show- 

1 II cr thn .• 11 1 



41 _ . 'wvniHW, snow- 

A ft he u er T lnally ex P ant l e d rays, 
(After Hinde.) 


. are 

equiangular quadriradiates ; they are 
united in Petrostroma by lateral ' 

1 Doederletn, ^ ^ ^ P ™W ha * n h 7 

1 S:S; ri: PL aud ii! ' 

V 0 L. I Pofita, Bull. Acud. Bohimt , 1903 . 
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fusion of apposed terminal flat expansions of the rays, and in some, 
possibly all, genera a continuous deposit of calcium carbonate 
ensheaths the spicular reticulum. Thus they recall the forma- 
tion of the skeleton on the one hand of the Lithistida and on 
the other of the Dictyonine Hexactinellida (see pp. 202, 21 ). 
“ Tuning-forks ” may occur in the dermal membrane. 

Tlie°Astroscleridae, as known at present, contain a sing e 
genus and species, apparently the most isolated in the phylum. 




i.—A slrosclera iml- 
ana , Lister. A, the 
onge. x about 3. P* 
e ostia on its distal 
rface. B, a portion 
the skeleton show- 
y four polyhedra 
th radiating crystal- 
ie fibres. C, »» 

tium ; the surround- 
y tissue contains 


Astrosclera willeyana 1 was brought back from the Loyalty 

and from Funafuti of the Ellice group Its ^icarea the 
chemically and structurally aberrant. n o e ca ^ c i fce> in 
calcium carbonate of the skeleton is presen polyhedra, 

Astrosclera as aragonite, and the elements are s ^ 

* J. J. Lister in Willey’s Zoological Results, pt. jv. 1900, p. 459. 
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um ted by their surfaces to the total exclusion of soft parts 
( ig. 88). Each element consists of crystalline fibres radially 
disposed around a few central granules, and terminating peri- 
p lerally in contact with the fibres of adjacent elements. Yomm 
polyhedra are to be found free in the soft parts at the surface 
The chambers are exceptionally minute, especially for a calcareous 
sponge, comparing with those of other sponges as follows 

Astrosclera chambers, 10/* x 8/* to 18/a x 1 1/* 

Smallest chambers in Silicea, 15/* x 18/* to 24/* x 31** 
Smallest chambers in Calcarea, 60/* x 40/*. 

In its outward form Astrosclera resembles certain Pharetronids 

Jr,„ to" 'it ““ legate W 

,,rr . , Mlcr °mastictora, and the fortunate fact that the 

not of cakite 0 ^ 1 ^ f ^ Skelet0n P ossesses the mineral characters 
tilt it I- 0f amgomte, renders it less difficult to conceive 

dt f relatl01 ‘ s be rather with the non-culcareous than 
the calcareous sponges. Ula " 


BRANCH II 


MICROMASTICTORA 


All sponges which do not possess calcareous skeletons are 

. lacterised by choanocytes, which, when compared with those 

of Calcarea, are conspicuous for their smaller «i,e t. 
majority (Silicispongiae) of the non e 1 11,0 » reat 

skeletons or are JZ 

ky a nicely graded series of forma The ' " , °” T“ S *' 

entirely askplpfol aiwu * llie sma ^ lemamder are 

•<»»*“ “ <■*»«* 

the Megasmastictora as of equal Value UAtmd grou P’ ° pposed to 

diiirir is * - — 

group. After their separation th & ^ ^ & WeI1 clrci »nscribed 
genera, an assemblag e P of fonts ZiT]) 1 "*' ^ askeletal 

into two main tribes. These hot’ n . e| nospongiae, which fall 

intermediate types but a clue ’ eU relationslli P by series of 

decisively the direction in which Th ^ Wh ‘ Ch ShaI1 determine 

safest, while recognising that TST bear a 
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one kind or another to various Micromastictora, to retain them 
together in a temporary class, the Myxospongiae. 


CLASS I. MYXOSPONGIAE 

The class Myxospongiae is a purely artificial one, containing 
widely divergent forms, which possess a common negative char- 
acter, namely, the absence of a skeleton. As a result of this 

absence they are all encrusting in habit. 

One genus, Hexadella, has been regarded by its discoverer 

Topsent 1 as an Hexactinellid. The same authority places 
Oscarella with the Tetractinellida ; it is more difficult to suggest 
the direction in which we are to seek the relations of t ie 

remaining type, Halisarca. 

Hexadella, from the coast of France, is a remarkable little rose- 
coloured or bright yellow sponge, with large sac-like flagellatei 

chambers and a very lacunar ectosome. 

Oscarella is a brightly coloured sponge, with a characteristic 

velvety surface ; it is a British genus, but by no means conhnec 

to our shores. Its canal system has been described by some 

authors as diplodal, by others as eurypylous. Topsent _ ' 

shown, and we can confirm his statement, that thoug 

chambers have usually the narrow afferent and e er 

ductules of a diplodal system, yet since each one may 

municate with two or three canals, the canal system ca 

be described as diplodal. The hypophare attains a «, 

development, and in it the generative products mature 

pinacocytes, like those of Plakinidae, and perhaps of 1> J 

are flagellated. n^nrella 

Halisarca, also British, is easily distinguished from 

by the presence of a mucus-like secretion which oozes 1 j 

and by the absence of the bright coloration e >aiac ® - n 

Oscarella. It naturally suggests itself that the co 0 ' aJ]d 

the one case and the secretion in the other are pro cc ^ ^ 

in this respect perform one of the functions o > ranc j,ed. 
other sponges. The chambers are long, tubular, an 

There is no hypophare. 

* AUm. Soc. Zool. France , 1896, p. 119. 

2 Arch. Zool. Exp. (3) iii. 1895, p. 561, pi. xxm. 


VIII 


HEX ACT I NELLI DA 


197 


CLASS II. HEXACTINELLIDA 1 

Silicinpongiae , defined by their spicules, of which the rays lie 

a ony three rectangular axes. The canal system is simple, with 

thimble-shaped chambers. The body-wall is divided into endosome 
ectosome. and clioanosome. 

Some authors would elevate the Hexactinellida to the position 

of a third main suh-group of Porifera, thus separating them from 
o ei siliceous sponges. In considering this view it is important 
to realise at the outset that they are deep-water forms. They 
bear evident traces of the influence of their habitat, and like 
others of the colonists of the deep sea, are impressed with 
m, irked archaic features. Yet they are still bound to other 
M.cromastictora, first by the small size of their choanocytes, and 
secondly by the presence of siliceous spicules. This second 
character is really a double link, for it involves not merely the 
presence of silica in the skeleton, but also the presence in each 

i8 P ? struct a ure e11 K T ked Now this axial lament 

a structure which is gaming in importance, for purposes of 

classification, in proportion as its absence in Calearea is becom- 

o moie probable. Ihe Hexactinellida are the only sponges 

ier than the bath sponge, which are at all generally knotvn’ 

by L utiiav n a r „7?f i0 ? by their b6aUty ’ aS the sponge 

an( ^ lfc > one of tlieir number — the Venus’s 

fishr ^-?- 8 aD imp0rtant article of commerce, the chief 

fishery being in the Philippine Islands. This wonderful Wv 

* nd is 

't r deep -“ ; 

moored in the core by l.,,! tuf l of „,„y " , “° re ° ft «" 

“glass-rope sponge” the it; , 5 ° tg splculea In the 

like a bundle of spun glass, 7v7ed°Vy7h l0 ° king 

export it to us. In Un^j, i • ?, d Y the Ja P a nese, who 

a 81 "Kle giant spicule, 2 threeTietres'inT^Tn^^/ 8 replaced 
“of the thickness of a little fin » length ’ aud described as 

Of their fixed life „ I ‘ i ® ' is “ * ™™lt 

' F e L , 0t d “P ™ ‘ that 

a Chen, “ Aes d6n"^.'r e ?a /b T r , ,xi 

• ~N». »w 1ST.” 
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Hexactinellids contrast witli most other sponges by their 
symmetry. It should not, however, be forgotten that many of 
the Calcarea which inhabit shallow water exhibit almost as 
perfect a symmetry. 

The structure of the body-wall in Hexactinellida is so constant 
as to make it possible to give a general description applicable to 

all members of the 
group. It is of con- 
siderable thickness, 
but a large part is 
occupied by empty 
spaces, for the actual 
tissue is present in 
minimum quantity. 
In the wall the cham- 
ber-layer is suspended 
by trabeculae of soft 
tissue, between a der- 
mal membrane on the 
outside and a similar 
gastral membrane on 
the inner side (Fig- 

89). Thus the water 
entering the chambers 
through their numer- 
ous pores has first 
passed through the 
ostia in the dermal 
membrane and tra- 
versed the subdermal 
trabecular space ; on 
leaving the chambers 
it flows through the 

subgastral trabecular 

space and the ostia in the gastral membrane, to enter the para 
gaster and leave the body at the osculum. The trabecu ae 
and the dermal and gastral membranes together constitute t © 
dermal layer. This conclusion is based on comparison wit 
adults of the other groups, for in the absence of embryo- 
logical knowledge no direct evidence is available. According to 



Fio. 89. — Longitudinal section of a young specimen of 
Lanuginella pupa O.S., with commencing formation 
of the oscular area, x 35. d.m , Dermal membrane ; 
g.m, gastral membrane ; pg , para gaster ; sd.tr , sub- 
dermal trabeculae ; Sg.tr , subgastral trabeculae. 
(After F. E. Schulze.) 
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the Japanese investigator, Isao Ijima, 1 the dermal and gastral 

membranes are but expansions of the trabeculae, and the 

trabeculae themselves are entirely cellular, containing none of 

the gelatinous basis met with in the dermal layer of all other 

sponges. There is no surface layer of pinacocytes, the cells 

forming the trabeculae being all of one type, namely, irregularly 
branching cells, connected with one 

another by their branches to form 
a syncytium. In the trabeculae 
are found scleroblasts and archaeo- 
cytes. 

The chambers have a charac- 
teristic shape : they are variously 
described as “ thimble -shaped,” 

“ tubular,” or “ Syconate,” and 
they open by wide mouths into 
the subgastral trabecular space. 

1 heir walls have been named the 
membranci reticularis from the fact 
that, when preserved with only 
ordinary precautions, they are seen 
as a regular network of proto- 
plasmic strands, with square meshes 
and nuclei at the nodes. This 
appearance recently found an ex- 

planatioii when Schulze, for the first time, succeeded in preserv- 
ing the collared cells of Hexactinellids. 2 Schulze was then 
e o show that the ehoanocytes are not in contact with 
one another at their bases, where the nuclei are situated but 

communicate with one another by stout omtn 1 • * ^ * 
The fortn nf i ^ stout protoplasmic strands. 

Ihe form °f the choanocyte can be seen in Fig 91 

i — ^ l r 't ; dd i the 

tions as a chamber pore or proZvk tw retlCl ' lum W 

as are found in Calcarea, are w „V Tl ^ 

’ Fauna « 1#01 ' PP ’ 128 - W. 190. 

tauna Arctxca (Roemer and Schandinn\ • 

Merlin, 1899, p. 98. haudmn), i. 1900, p. 84 ; and Sitzb. Akad. 



Fig. 90. — Portion of the body-wall of 
Walter ia sp., showing the thimhle- 
sliaped flagellated ehamliens above 
which is seen the dermal mem- 
brane. (After F. E. Schulze.) 
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the same layer, added to the more obvious character of thimble- 
shaped chambers, are the chief archaic features of Hexactinellid 
morphology. 

The skeleton which supports the soft parts is, like them, 
simple and constant in its main features. It is secreted by 

scleroblasts, which lie in the 
trabeculae, and is made up of 
only one kind of spicule and its 
modifications. This is the hexac- 
tine, a spicule which possesses six 
rays disposed along three rect- 
angular axes. Each ray contains 
an axial thread, which meets its 
fellow at the centre of the spicule, 
where they together form the 
axial cross. Modifications of the 
hexactine arise either by reduc- 

Fio. 91. — Portion of a section of the . , . . , • 

membrana reticularis or chamber- tion 01“ branching, by SpmU 

wall of Schaudijinia arctica. x 1500. qj. expansion of one or more of 
(After F. E. Schulze.) c 

the rays. The forms of spicule 
arising by reduction are termed pentactines, tetractines, and so 
on, according to the number of the remaining rays Those rays 
which are suppressed leave the proximal portion of their axial 
thread as a remnant marking their former position (lig- 94). 
Octactine spicules seem to form an exception to the above state- 
ments, but Schulze has shown that they too are but modifications 
of the hexactine arising by (1) branching of the rays of a 







Fig. 92.— A, discohexaster, 
in which the four cladi 
a, 6, e of each ray 
start directly from a cen- 
tral nodule. B, disco- 
oc taster, resulting from 
the redistribution of the 
twenty -four cladi of A 
into eight groups of 
three. (After Schulze, 
from Delage. ) 


hexactine, followed by (2) recombination of the secondary rays 


(Fig. 92). 

The various spicules are named, irrespective of their 
according to their position and corresponding function. 


form, 

The 
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arrangement of the 
diagram (Fig. 93). 


spicules is best realised by means of 


a 


The deviations from this 


ground-plan of Hexaetinellid struc- 


Prostalia 


Parcncb vmalia 


Principal ia 
Comitalia 
Intermedia ■i.' ' 1 




marginalia 



Prostalia 

pleuralia 


[S"****' trail* 
H FPftfxalJ 


Dermalia 


A 


w 

Autoderm 

Hypoderm..-^ 


Canalaria 


-A . 

; ’• 
<0 

r a' 

» • 
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Dictyonalia 


Proatalia 


baealia 


F,G ' c£J3Tm a trS nt of° f th e PiC e“ ,eS *" ^ "^inelM skeleton. 

<len, l ![/ia] , microscleres in tl.e dermal men.btue 

situated dermalia; Dictyonalui , parenchvmalia wM more deeply 

skeletal framework of Dictyonina • fWr /• a . W llch l, ecome fused to form the 
pastral membrane ; Gaxtralw Hijpogaxtrfalia\ niicroscleres the 

I*areiichy nuilw Principal ia, mainsuirnorH^^ • , , d ^ply situated gastralia • 
Comitalia, slender diactine or triactine spicules accm* 1 ^ betwe€n the chambers; P. 
microscleres between the P. principals - Premia T"-’ T the last ; P - Inlcrmsdia, 
rooting spicules, from the base ; P mar'ai,Jf„ si proJect,n S spicules ; />. basal ia, 

" m ; '• defensive spicule^ frmnTn ’ d ! !fensive spmules, round the oscular 

aftor F. E. Schulze.) P U ‘ L ' S fr0m the (From Delage and Herauard" 

ture are few and simple. Thev are Hup to r ij- 

iayer, or to variations in the shane of ft ? f °! dlng ° f the chamber - 

»f ti» ch.u„boii: cr ^: fcStr ietoni a s ™p>« «»*«<>;; 

y Uldt 0f the voung sponge of Fig. 89, 
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occurs also in some adult Hexactinellids, e.g. in Walteria of the 
Pacific Ocean (Fig. 90). Thus is represented in this order the 
second type of canal system described among Calcarea. More 
frequently, however, instead of forming a smooth sheet, the 
chamber-layer grows out into a number of tubular diverticula, 
the cavities of which are excurrent canals ; these determine a 
corresponding number of incurrent canals which lie between 
them. In this way there arises a canal system resembling 
the third type of Calcarea. By still further pouching so as 
to give secondary diverticula, opening into the first, a com- 
plicated canal system is formed, as, for example, in Euplectella 
suberea. 


To return to the skeleton, the most complete fusion is attained 
by the deposit of a continuous sheath of silica round the apposed 
parallel rays of neighbouring spicules. This may be termed the 
dictyonine type of union, for it occurs in all those forms originally 
included under the term Dictyonina, in which the cement is 

deposited pari passu with the 
formation of the spicules. 
In other cases connecting 
bridges of silica unite the 
spicules, or there may be a 
connecting reticulum of 
Flo. 94. — Amphidisc, at a are traces of the Siliceous threads, or, again, 



four missing rays. rays crossing obliquely may 

be soldered together at the point of contact. These more 
irregular methods occur in species where the spicules are free at 
their first formation. Spicules originally free may later be 
united in a true Dictyonine fashion. The terms Lyssacjna an 
Dictyonina are useful to denote respectively : the former a 
those Hexactinellida in which the spicules are free at their first 
formation, and the latter those in which the deposit of t e 
cementing layer goes hand in hand with the formation °f t e 
spicules. But the terms do not indicate separateness of origin 
of the groups denoted by them, for there is evidence tha 
Dictyonine types have been derived repeatedly from Lyssacme 


types, and that in fact every Dictyonine was once a Lyssacme. 

The real or natural cleft in the class lies between those genera 
possessing amphidiscs (Figs. 94, 97) among their microscleres, an 
all the remainder of the Hexactinellida which bear hexasters (Fig* 
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96). The former set of genera constitute the sub-class Amphi- 
discophora, the latter 

the Hexasterophora. 

Sub-Class 1. Am- 
phidiscophora. — Am - 

phidiscs are present , 
hexasters absent. A 
tnjt of rooting spicules 
or basal la is always 
present. The ciliated 
chambers deviate more 
or less from the typical 
thimble shape, and the 
m emb ra na retie ula ris 
is continuous from 

f ° mher t° chamber Fit, 95 -Portion of body-wall of UyaJonnna, in 
(l^lgs. 94, 95, 97). secllon ’ sbow.Dgthe irregular chambers. 







■ut/Aaotci U 


F10. 96. 


B, 


genera, 


phora. — Hexasters are present , 
am phidiscs absent. The cham- 
ber shave the ty pi cal regularform, 
and are sharply marked off from 
one another (Figs. 90, 96). 

All the Amjihidiseophora 
have Lyssacine skeletons ; in 
the Hexasterophora both types 
of skeleton occur. The sub- 
division of the Hexasterophora 
is determined by the presence 
or absence of uncinate spicules. 
An “ uncinatum ” is a diactine 
spicule, pointed at both ends 
and bearing barbs all directed 
towards one end. This method 
of classification gives us a 
wholly Dictyonine order, 

Gr ?Pbiohexa3t CT ; ^ NATA « IA . and an order 
floneome ; c, onychaster. # consisting partly of Dictyo- 

which may be dist-in™ * ^ P artI T Lyssacine 

gumhed as the Anuncinataria. 
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Ova have rarely been found, and 
sexually produced larvae never; but 
Ijima has found archaeocyte clusters 
in abundance, and his evidence is 
in favour of the view that they 
give rise asexually to larvae, described 
by him in this class for the first 
time (see p. 231). 

Both sub-classes are represented 
in British waters : the Amphidisco- 
phora by Hycdonema thomsoni and 
Pheronema carpenteri ; the Hexas- 
terophora by Euplectella suberea and 
Ascunema setubalense, and of course 
possibly by others. 

Hycdonema thomsoni , one of the 
glass -rope sponges, was dredged by 
the Porcupine off the Shetland 
Islands in water of about 550 
fathoms. The spindle-shaped body 
of the sponge is shown in Fig. 97. 

Its long rooting tuft is continued 
right up its axis, to end in a conical 
projection, which is surrounded by 
four apertures leading into corre- 
sponding compartments of the 
paragaster. 

The crust of Anthozoa of the 
genus Epizoanthus (p. 406) on the 
rooting tuft is a constant feature in 
this as in other species of Hycdonema. 
It contributed to make the sponge 


Fio. 97. — Hyal(mevia thomsoni. A, 
Whole specimen with rooting tuft 
and Epizoanthus crust ; B, pinulus, 
a spicule characteristic of but not 
peculiar to the Amphidiscophora, 
occurring in the dermal and gastral 
membranes ; C, amphidi.se with 
axial cross ; D, distal end of root- 
ing spicule with grapnel. (After 
F. E. Schulze.) 


a puzzle, which long defied inter- 
pretation. The earliest diagnosis 
the genus received was the “ Glass 
Plant." Then the root tuft was 
thought to be part of the Epiz° 
anthus , which was termed a “ most 
aberrant Alcyonarian with its base 
inserted in a sponge ” ; next we hear of the sponge as parasitic 
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on the Sea Anemone 

■ 

proper to the 
sponge, which was, 
however, figured 
upside down, till 
some <1 apanese col- 
lectors described 
the natural posi- 
tion, or that in 
which they were 
accustomed to 
find it. 

Ph crone mu rar- 

penteri was found 

by the Lightning 

olf the north of 

Scotland in 530 

fathoms. The 

goblet - s ha ped, 

thick walled body 

%/ 

and broad, ill- 
defined root tuft 
are shown in Fim 
*1 3 , but no figure 
win do justice to 
the lustre of its 
luxuriant pros- 

talia and delicate 

dermal network 

with stellate knots 

at regular inter- 
vals. The basal ia 
art* two - pronged 
and anchor-like. 

l>oth the Hexas- 
terophoran genera 
were dredged olf 


finally, the root tuft was shown to 


I M 



h ig. 98. Pheronema carpentrri. 

W y v tile Thomson.) 


x A 


( From 


the north of Scot- 
land, and both conform to the I vssaoino * • 1 



20 6 


PORIFERA 


CHAP. 


of basalia. The upper end of the tube is closed by a sieve 
plate, the perforations in which are oscula, while the beams 
contain flagellated chambers, so that the sieve is simply a modified 

portion of the wall. It is a peculiarity of 
this as of one or two other allied genera 
that the lateral walls are perforated by 
oscula. They are termed parietal gaps, 
and are regularly arranged along spiral 
lines encircling the body. 

Ijima, who has dredged Euplectellids 
Fio. 99. — Sieve plate of from the waters near Tokyo, finds that 
^ReT ijfma . ^ mperiahs ’ in young specimens oscula are confined to 

the sieve plate ; parietal gaps are secon- 
dary formations. The groundwork of the skeleton is a lattice 
similar to that shown in Fig. 100. The chamber-layer is much 
folded. Various foreign species of Euplectella afford interesting 
examples of association with a Decapod Crustacean, Spongicola 
venusta, of which a pair lives in the paragaster of eacli specimen. 
The Crustacean is light pink, the female distinguished by a 
green ovary, which can be seen through the 
transparent tissues. It is not altogether 
clear what the prisoner gains, nor what fee, 
if any, the host exacts. 

Ijima relates that the skeleton of Eu'plec- 
tella is in great demand in Japan for 
marriage ceremonies. He also informs us 
that the Japanese name means “ Together 
unto old age and unto the same grave,” 
while by a slight alteration it becomes 
“ Lobsters in the same cell,” and remarks 
that the Japanese find this an amusing pun. 

The same Spongicola lives in pairs in 
Hyalonema sieboldi. Another case of Fio. wo. 
apparently constant association is that of °Afterljima.) 
the Hydroid stocks which inhabit Walteria. 

F. E. Schulze describes Stephanoscyphus rnirabilis (see 
a specimen of Walteria flemmingi ; the presence of 
causes the sponge to grow out into little dome-shaped elevations, 
each of which shelters one polyp: while in W. leuckarti Ijima 
finds a similar association in every specimen examined. 


p. 318) in 
the polyp 
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Fossil Hexactinellida. 


This group has the distincti 
Lyssacine members the oldest 
known sponge, Prutospongia fenes- 
trata , of Cambrian age (Salter). 
As preserved it consists of a 
single layer of quadriradiate, or 
possibly quinqueradiate spicules, 

which, arranged as a square 
meshed lattice, supported the 
superficial layer of the sponge 
(fig. 101). Whether or not the 
fossil represents the whole of the 
sponge-skeleton does not appear. 1 

The extraordinary Recepta- 
culitidae are probably early 
Lyssacine forms : they are cup- or 
saucer-shaped fossils, abundant in 
Silurian and above all in Devonian 
strata, and have been “ assigned 
in turn to pine cones, Foramini- 


°n of including among its 



Fig. 101.— Part of the specimen of Pro- 
tusporujia fenestrata iu the Sedgwick 
Museum. Cambridge. Nat. ' size 
(After Sollas.) 







* V-. X c* , 

Tunicata. Hinde 2 brings forward im- 
portant arguments for retaining them 
among Hexactinellida. The only elements 
m the skeleton of the simpler genera, e,j. 
Jschadites, are structures comparable to 
Hexactinellid spicules. The surface of 

p io 102 J f ° SSl1 presents a s ^ies of lozenges 

: r ;i Ung a re f lar mosaic. Each lozenge 

l S / he eXpailded end of one of the ra^s 
panded outer, rays of the 1 a S ^ lcu e ’ *t conceals four rays in one 

spicules are partially de- P lane > tangential to the Wall of thp 
tangential rays beneath. • ^ . S1 ’ W hde the sixth ray pro- 

" 1 M, “ 10 tl,e *•“ i-f Ihe 

itself there is an inner layer In . th ® genus Ile ™Ptaculites 

layer of plates abutting against the inner 

1 Sollas, Quart. Joum. Geol. Soc. 1880, „ 362 
^ Goal. Soc. xl. 1884, p.' 795 


^ purtion ox 

outer surface of a Recepta- 
culitid, Acanthoconia bar- 

yandei, in which the ex 
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ends of the sixth rays, and at present problematic. An axial 
canal is present in each of the rays — the six canals meeting at 
the centre of the spicule. Special chinks between the spicules 
appear to have provided a passage for the water current. 

The beautiful Ventriculites , so common in the Chalk and 
present in the Cambridge Greensand, are historically interesting, 
tor the fact that they are fossil Hexactinellida of which the 
general and skeletal characters were very minutely described by 

Toulmin Smith long before recent 
p| representatives of the group were 

I I known. In common with a nuin- 

) \ her of fossil Dictyonine species 

they are distinguished by the per- 
// foration of the nodes, a character 

<l~~ _ due to the fact that the siliceous 

^vr 'jr investment which unites the 

l/s spicules together stops short before 

< reaching the centre of each spicule, 

| and bridges across the rays so as 

to form a skeleton octahedron. 

L This character is rare in recent 

Fio. 103.— A node of the skeleton of Hexactinellids, but, as first pointed 

Ventriculites from the Cambridge out by Carter, it is presented by 
Greensand. (After Sollas.) J ’ r . , . » 

one or two forms, of which Auio- 
cystis grayi Bwk is best known. The majority of the fossil 
Hexactinellida belong to the Dictyonine section, a fact attribut- 
able to the greater coherence of their skeleton. The “ Dictyonina 
are to be reckoned among the rock -builders of Jurassic and 
Cretaceous times. 

The Octactinellida and Heteractinellida are two classes 
created by Hinde 1 to contain certain little -known Devonian 
and Carboniferous sponges, possessing in the one case 8-raye 
spicules, of which 6 rays lie in one plane and 2 are perpendicular 
to this plane ; in the other case, spicules with a number of rays 
varying from 6 to 30. Bearing in mind the manner in which 
octactine spicules are known to arise in recent Hexactinelli a 
(p. 200), it is clearly possible to derive these 8 -rayed spicules 
from hexactines by some similar method ; while the typica 


1 a 


1888. 


Monograph British Fossil Sponges,” Palaeont. Soe. xl. and xli. 1887 and 
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spicule of the Heteractinellida is a euaster. Hence we may refer 
the Octiictinellid fossils to the class Hexactinellida, and the Heter- 
actinellid forms either to the Monaxon ida or Tetractinellida. 


CLASS III. DEMOSPONGIAE 

Silici spoil giae in which triaxonitl spicules arc absent. 

This class has attained the highest level of organisation known 
among Porifera ; the most efficient current-producing apparatus 
is met with here, so, too, arc protective coverings, stout coherent 
skeletons, and the highest degree of histological differentiation 

' 00 o 

found in the phylum. 

Correspondingly it is the most successful group, the majority 
of existing sponges coming within its boundaries. A few genera 
and species are exceedingly specialised, for example, Disyrinya 
dissi milis (p. 215). These, however, contribute only a very small 
contingent to the Demosponge population, those species which are 
really prolific and abundant being, as we should expect, the less 
exaggerated types. 

Canal System. — With a few exceptions the representatives of 
the Demospongiae may be said to have taken up the evolution 
of the canal system at the stage where it was left in Lcucandra 
a spent — a stage which the ancestral Demosponges must have 
reached cpiite independently of the Calcarea. These commoner 
members are thus already gifted with the advantages pertaining 
to a spherical form of ciliated chamber, and so, too, is the Rhagon 
(Fig. 105), an immature stage noteworthy as the simplest form 
of Demosponge, and thus the starting-point for the higher types 
of canal system. The exceptions above alluded to are not with- 
out interest: they are the Dendroceratina, of doubtful affinities, 
(p. 220), which possess small tubular Fyeonate chambers. They 
may he regarded either as of independent origin from other 
Demospongiae, thus making the group polyphyletic, or more 
simply as representing the ancestral condition, and in this case 
we must look on the possession of spherical chambers by the 
Rliagon us a secondary feature. Occupying as it docs the 
important position above indicated, the Rliagon merits a brief 
description. It is a small discoid or hemispherical body attached 
by a llat base. It contains a central paragastcr, with a single 

scu mil .1 1C lee end. Into the paragastcr open directly a 
^ 0 L. X 

P 
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few spherical flagellated chambers, which lie in the lateral 
walls of the body. The basal wall of the paragaster, the parts 
of its lateral walls between the openings of neighbouring chambers, 
and the entire outer surface of the body are covered with pina- 
cocytes. It is convenient to call the basal part of the sponge 
from which chambers are absent the hypophare, the upper 
chamber-bearing part the spongophare. In some of the deeper 
dermal cells spicules may be already present. In the Rhagon, 
then, the canal system is of the second type, but all the adult 
Demosponges have advanced to the third type, and the further 
evolution in this system is in the direction of improving the mode 
of communication of the chambers with the canal system. The 



Fio. 104. — Diagram of (A) eurypylous and (B) apliodal canal systems. Apopyle ; «» 
aphodus ; K , excurrent canal ; 7, incurrent canal ; }>, prosopyle ; p\ sliort pro- 
sodus. (After Sol las.) 


changes involved go hand in hand with increasing bulk of the 
dermal layer. A glance at the accompanying figures will show at 
once the connexion between the phenomena. The increase in the 
dermal layer (1) greatly reduces the extent of the lumen of the 
excurrent canals ; and (2) results in the intervention of a narrow 
tube or aphodus between the mouth of each chamber and the 
excurrent canal. The chamber system is then converted from 
an “ eurypylous ” to an “ aphodal ” type. When the incurrent 
canal also opens into the chamber by way of narrow tubes, one 
proper to each chamber and termed u prosod us,” the canal system 
is of the “ diplodal ” type. 

Cortex. — All the stages in the formation of a cortex art to 
be seen among the adult members of the group. Certain species 
(e.g. rialina monolvyha, K.K.8.) are destitute even of an ectosome, 
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otliera have a simple dermal membrane (Ha lichondria panicta 
J ctilla pedifera) and various others are provided with a cortex 
either ol simple structure or showing elaboration in one or more 
particulars. Thus a protective armature of special spicules may 
he present in the cortex, e,j. in Geodia, or to a less extent in 
'd/nja, or there may he an abundance of contractile elements 
and these may lie arranged in very definite ways, formiim valve- 
Jike apparatus that will respond to stimuli. 

Everywhere among sponges the goal of the skeleton appears 
o have been coherence. We have seen how ,n Calcarek and 

around the , 1 be ° U atUined ^ th « secretion 

hi ouiul the separate elements of a continuous mineral sheath 

calcareous m the one case and siliceous in the other. Here we 

had an excellent instance of the attainment of one end by similar 

means in two different groups, after their separation from the 

• ''‘T 1 , therefore independently. In Demospongiae 
on the other hand the same end— coherence— has been secured 

y wo new methods, each distinct from the former- first 

the spicules may be united in strands by an organT deposit 

spongin secondly, the spicules may assume irreguhr shapes and 

“ ell,0d “ * h “‘ - ae 

accept three subdivisions and defiiTXm UnZ ™ 

L Lut^d™X ,,giae pOS8essin S U ‘ trax °" or triaene 

P—* monaxon but 110t tetraxon 

fibres of have f ° rn,ed o{ 

f0re,g " 81>,CUles ’ b,It "<* of spicules proper ,o th*^^™** ° r ° f 

But ut the same time we nHmif fi ♦. 

probably descended from some of the f .T ° f ^ Ceratosa are 

that we should perhaps be justified in 11111,1168 ° f Monaxouida . so 

of Monaxon ida from the rest an 1 Separatln S these families 

allied families of Ceratosa a « T 3 T tw S th em with the 

eiatos.i a method of classification due to 
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Vosmaer. Again, some Monaxonida approximate to Tetractiuel- 
lida, and we might, with Vosmaer, unite tliem under the title 
Spiculispongiae. This proceeding, though it has the advantage 
of being at least an attempt to secure a natural classification, 
involves too much assumption when carried out in detail to be 
wholly satisfactory. 


Sub-Class I. Tetractinellida. 1 II. 

Tetractinellida appear to flourish best in moderate depths from 
50 to 200 fathoms, but they are found to be fairly abundant also 
in shallower water right up to the coast line, and in deep water 
up to and beyond the 1000 fathom line. Occasionally they lie 
free on the bottom, but are far more commonly attached ; fixation 
may be direct or by means of rooting spicules; the occurrence of 
a stalk is rare. There is great variety in the root tuft, which 
may be a long loose wisp of grapnel- headed spicules, as in many 
species of Tetilla , or a massive tangle, as in Cinachyra barbatcc ; 
in these cases the sponge is merely anchored, so that it rests 
at the level of the surface of the ooze ; in other cases, e.g. 
Tkenea wyvillci , the root tuft consists of a number of pillars of 
spicules which raise the sponge above the level of the ooze, into 
which they descend and there become continuous with a large 
dense and confused mass of spicules. The p; »achu te-like base of 
Tetilla casula invites comparison with the “Crinorhiza” forms of 
some Monaxonids (p. 216). 


Two Orders are distinguished thus : — 

I. Choristioa. — T. tract! nel lida with quadriradiatc spicules, which an 
never articulated together into a rigid network. 

II. Lithistida. — Tetractinellida with branching scleres (desmas), which may 
or may not l>e modified tetrad spicules, articulated together to 0,1,1 
a rigid network. Triaene spicules may or may not he present m 
addition. 


Order I. Choristida. 

Plahina monolopha , from the Adriatic and Mediterranean, 
furnishes a connecting link between the Khagon stage and othei 
Tetractinellida. The choanosome is simply folded ; there is 1,0 
distinct ectosome ; the chambers are eurypylous. The skeleton 

1 Sol las, Challenger Monograph, xxv. 1888. 
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consists of microcalthrops and their derivatives. The hypophare 
is well developed. Pin Inna thus shows a certain amount of 
resemblance to Oseavella (p. 196), with which it shares the very 
remarkable possession of flagellated pinacocytes. 

One ot the species of Jetil/a , T. pedifera, continues the series. 
The folds ot its choanosome are 

more complicated than in P. 
monulopha, and their outer ends 
are bridged together by a thin 
layer ol ectosome (cf. species 
of fy/con among Calcarea) ; the 
chambers are still eurypylous. 

1 he skeleton reaches a high 
level : it includes oxeas and 
triaenes radiately disposed and 
microscleres (sigma ta) scattered 
throughout the dermal layer. 

1 l)e British Poccilt astro com - 
prcssa from the north of Scot- 
land and Orkney and Shetland 
is at about the same stage of 

development being without Flo. 105. -Diagram,,, at , c vertical sections 
COltex and having eurypylous Of A, Rhagon ; B, Plakina : c, Tctilla 

chambers, but it is not so good ^ ^ 

an example, as the folds of its choanosome are confused 

From T pedifera we pass to the other species of TetiUa and 

. tllU h y lK “ r S cnera of Choristida ; these possess a cortex not 
of homologous origin in the various cases, hut probably to 



do 






^io. 106. — A. CravicUa type* B Stnliofri ♦ ^ 

lZx' eiUh ’ tnM hy SteUetta i,nd 
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Tn the Stellettids the cortex arises by the centrifugal growth 
of a dermal membrane such as that of Tctillci pedifcrai in 
Craniel la directly from the dermal tissue of the distal ends of 
the choanosomal folds. 

In both cases the end result, 
after completion of cell differentia- 
tion, is a cortex either fibrous 
throughout or collenchymatous in 
its outer portion and fibrous in the 
dee^ier layers. In the Stellettid 
type the centrifugal growth of the 
dermal membrane involves the 
addition of secondary distal portions 
to the ends of the inhalant passages. 
These are the intercortical cavities or 
canals. Their most specialised form 
is the “ chone.” A chone is a 
passage through the cortex opening 
to the exterior by one or more ostia, 
and communicating with the deeper 
parts of the inhalant system by a 
single aperture provided with a 
sphincter (Fig. 106, B). 

In the Craniella type the inter- 
cortical cavities are parts of the 
primary inhalant system. They 
communicate with its deeper parts 
. by sphinctrate apertures. Without 

107. — Disyringa dissimilis. any knowledge of the development 

° ,,e w ° u,d have su pp° sed 

Transverse sections at the levels that the subdermal cavity, pore-sieve 

indicated to show subdivision of i . . , , ri~ n rrifilld 

the lumina of the excnrrent and and Sphinctrat© passages of 6 TanUUa 

incurrent tubes ; e.t, excnrrent represented a number of chones, of 
tube; i. t, incurrent tube; o, os- ... , .• „ 1*»- 

culuin. (After Soiias.) winch the outer portions naa oc 

come fused (P'ig. 106, A). 

In both Craniella and Stelletta the chamber system is aphodal, 
and these genera may fairly be taken as representatives of the 
average level reached by Tetractinellida. The skeleton is of the 
radiate type: the type which prevails in the Choristida, but 
which has au erratic distribution, appearing in some genera of 
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each family but not in others. 1 lie genus Parity itiatisnia , of which 
nn e have the species P. johnstonin and P. vormuni in these 
islands, exemplifies this; it belongs to the highly differentiated 

family Geodiidae, possesses an elaborate cortex with cliones, but 
its main skeleton is non-radiate. 

Disyringa dissimi/is is remarkable for the perfection of its 

symmetry, and for the absence of that multiplication of parts 

\vhich is so common among sponges. It possesses a single 

inhalant tube and a single osculum (Fig. 107). Until quite 

recently it stood alone in the restriction of its inhalant apertures 

to a single area. Kirkpatrick, however, has now described a 

sponge — Spo ngocardium gilchristi l — from Cape Colony, in which 

the dermal ostia are concentrated in one sieve -like patch 

at the opposite pole to the single osculum. Disyringa is still 

without companions in the possession of an inhalant tube. The 

concentration of ostia into sieve areas occurs again in Cinachyra , 

each sponge possessing in this case several inhalant areas with 
or without scattered ostia also. 


Order II. Lithistida. 

The characteristic spicule of Lithistida— the desma— may be 
a modified calthrop (tetracrepid desma), or it may be produced 
by the growth of silica over a uniaxial spicule (rhubdocrepid 
desma) ( tig. HO, q), or it may be of the polyaxon type. It is 
probable that the group is polyphyletic, 2 and that some of its 
members should remain associated with Tetractinellida, while others 
should be removed to Monaxonida. Forms with tetracrepid desmas 
and those forms with rhabdocrepid desmas which possess triaenes’ 
have letractinellid affinities, while forms possessing rhabdocrepid 
desmas but lacking triaenes, and again those in which the a . 
are polyaxon, are probably descendants of Monaxonida 
Owing to the consistency of the skeleton t.h.j 

» f T' rir* h 

skeleton i. olta „p laced b, 7 ES 

1 lnV Z ligat r S in SoUth i. 1902 p 224 

^ 1887 ’ - and Schraiumen, 

' Q ' UlrL Ju " ni ■ °' coL Hoe. xxxiii. 1877, ,, 790. 
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misled some of 
the researches 


the earlier investigators but was established by 
of Sollas and Zittel. 


Sub-Class II. Monaxonida . 1 

1 lie Monaxonida inhabit for the most part shallow water, but 
they also extend through deep water into the abysses, thirteen 
species having been dredged from depths of over 2000 fathoms 
by the “ Challenger ” Expedition alone. In some cases, e.g. 
Cladorhiza , Chondrocladia , all the species of a mentis may live in 
deep water, while in others the genus, or in others, again, the 
species, may have a wide bathymetrical range. Thus AxineUa 
spp. occur in shallow water and in various depths down to 2385 
fathoms, AxineUa ereeta ranges from 90 to 1C00 fathoms, 
Styl ocordyla stipitata from 7 to 1600, and so on. The symmetry 
of the deep-water forms contrasts strikingly with the more 
irregular shape of their shallow-water allies. 2 The shallow- water 
species are almost always directly attached, some few are stalked; 
those from deep water have either a long stalk or some special 
device to save them from sinking in the soft ooze or mud. 

1 bus the deep-sea genus Trichostcmma has the form of a low 
inverted cone, round the base of which a long marginal fringe of 
spicules projects, continuing the direction of the soinal spicules, 
and so forming a supporting rim. The same form has been 
independently evolved in Halienemia patera, and an approach to 
it in Xenosponrjia patclliformis. A similar and more striking 
case of homoplasy is afforded by the Crinorhiza form, which has 
been attained in certain species of the deep-sea genera Chondro- 
cladia , Axomdcrma , and Cladorhiza ; here the sub-globular body 
is supported by a vertical axis or root, and by a whorl of stoat 
processes radiating outwards and downwards from it, and formed 
of spicular bundles together with some soft tissue. 

There is recognisable in the order Monaxonida a cleft between 
one set of genera, typically corticate, and suggesting by their 
structure a relationship, whether of descent or parentage, with 
the Tetractinellida, and a second set typically non-corticate : these 
latter are the Halichondrina, the former are the Spintharophora. 


1 Ridley and J)endy, Chtilltnyer Mmuttjraph, 1 i 5c. 1887. 

2 ibid. i>. 262 ; cf. also j». 11)7. 
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Order I. Halichondrina. 

We have already seen typical examples of the Halichondrina 
in Hrdichondria jmnuen and Epliyilatia fluvialiiis. Within the 
Halichondrina the development of spongin reaches its maximum 
among spiculiferous sponges, and accordingly the Cera to. sa take 
their multiple origin here (p. 220). Among Halichondrina 
spongin co-operates with spicules to form a skeleton in various ways, 
tait always so as to leave some spicules hare or free in the tlesh. It 
may bind the spicules end to end in delicate networks (as in 
hi' /lin'd or Gellius), or into strands, sometimes reaching a con- 
siderable thickness (as in C/ia/ina and others). In a few cases 
theie appears to be a kind ot division of labour between the 
spicules and spongin, the latter forming the bulk of the fibre, i.e. 
fulfilling the functions of support, while the spicules merely beset 
its surface as defensive organs, rendering the sponge unfit for 
food. Fibres formed on this pattern are called plumose, and are 
typical of Axinellidae. The distinctive fibre of the Ectyoninae 
is as it were a combination of the Axinellid and Chalinine 
types: a horny fibre both cored with spicules and beset with 
them. Spicules besetting the surface of a fibre are termed 
“ echinatmg.” Whenever its origin has been investigated 
spongin has proved to be the product of secretion of cells ; in 
tie great majority of cases it is poured out at the surface of the 
cell and Evans showed, 1 at any rate in one species of Spovnilla 
that the spongin fibres are continuous with a delicate cuticle at 
he surface of the sponge. In Reniera spp. occurs a curious case 
o formation of spongin as an intracellular secretion. A number 
o spherical cells each secrete within themselves a short length of 
fibre, they then place themselves in rows, so orientated that" their 
contained rods he end to end in one line. The rods then {Z 

and make up continuous threads ; the cells diminish in breadth 
ultimately leaving the fibre free. 2 breadth, 


Order II. Spintharophora. 


— Sr r - r- 

2 T : Q T rt T J ' MlCr ' Sci ' xli - 1901 > P* 477. 

'° lbC ’ * dc l Ana t. ct Phys. xxxiv. 1398, j». 1 . 
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Tetractinellida, radial, or approximating to radial. The micro- 
scleres are, when present, some form of aster. The cortex 
resembles that of Tetractinellida, and v. Lendenfeld has described 
chones in Tetbya ly ncurium} 

The existence of the above points of resemblance between 
Spintharophora and Tetractinellida suggests a relationship between 
the two groups as its cause. In judging this possibility the follow- 
ing reflections occur to us. A cortex exists in various independent 
branches of Tetractinellida. It has in all probability had a different 
phylogenetic history in each — why not then in these Monaxonida 
also ( Within single genera of Tetractinellida some species are 
corticate, others not, witness Tetilla. The value of a cortex for 
purposes of classification may easily be overestimated. If we 
are to uphold the relationship between these two groups, we 
must base our argument on the conjunction of similar characters 
in each. 

The genus Proteleia 2 is interesting for its slender grapnel- 
like spicules, which project beyond the radially disposed cortical 
spicules, and simulate true anatriaenes of minute proportions. 
That they are not anatriaenes is shown by the absence of an 
axial thread in their cladi. It is not surprising that a form of 
spicule of such obvious utility as the anatriaene should arise 
more than once. 

Of exceptional interest, on account of their boring habit, are 
the Clionidae. How the process of boring is effected is not 
known; the presence of an acid in the tissues was • suspected, 
but has been searched for in vain. The pieces of hard substance 
removed by the activity of the sponge take their exit through 
the osculum and have a fixed shape 1 2 3 (Fig. 108). 

As borers into oyster shells, Clionidae may be reckoned as pests 
of practical importance, and in some coasts they even devastate the 
rocks, penetrating to a depth of some feet, and causing them to 
crumble away. 4 

Sponges, however, as agents in altering the face of the earth 
do not figure as destroyers merely. On the contrary, it has 

1 R. v. Lendenfeld, Acta Ac. German. Ixix. 1S96, p. 22. 

2 Challenger Ile-port, lix. 1887, p. 214. 

3 Topsent, Zoologie Descriptive, i. ; also Cotte, C. R. Soc. Biol. Paris , 
pp. 638-639. 

* Topsent, Arch. Zool. Exp. (3) viii. 1900, p. 36. 
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been calculated 1 that sponge skeletons may give rise with 

considerable rapidity to beds of Hint nodules; in fact, it 

appears that a period so short jus fifty years is sufficient for 

the formation of a bed of flints out of the skeletons of spoimes 
alone. 

S liberties domuncula is well known for its constant symbiosis 


with the Hermit crab. The young sponge settles on a Whelk or 
other shell inhabited by a Pa gurus , and gradually envelops it, 
becoming very massive, and completely concealing the shell, 
without however closing its mouth. The aperture of this 
always remains open to the exterior, however great the growth 
of the sponge, a tubular passage being left in front of it, which 



K,o. 108. A, ealc^reous corpuscle detached by C liana ; B, view of the galleries 

txca\ated by the Sponge. (After Topsent. ) b 


continues the lumen of the shell and maintains its spiral 

merely advances a little down this pas.sage. The shell is neC 
absorbed, as was once supposed . 2 The crab, besides bei ng provided 
with a continually growing house, and being thus spared the 

V the concealment L 

rr • ■*““ h — <• «■"»- - - p.«:, r;;;: 

symbiosis with 

which, from its fig-like shapers s name! °“ * 

2 Topsent, Arch' Z ooPe^^ 

v o L^;: 
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Sub-Class III. Ceratosa. 

The Ceratosa are an assemblage of ultimate twigs shorn from 

n 

the branches of the Monaxonid tree. They are therefore related 
forms, but many of them are more closely connected with their 
Monaxonid relatives than with their associates in their own sub- 
class. 

The genera Anlena and I’/mrios/ionr/ia, placed by v. Lemlenfeld 
among ( ’eratosa, by Minchin among Monaxonida, show each m 
its own wav how close is the link between these two sub-classes. 

KJ 

Aulcntt possesses in its deeper parts a skeleton ol areniferous 
spongin lihres, in fact a typical Ceratose skeleton ; but this is 
continuous with a skeleton in the more superficial parts, which is 
composed of spongin fibres cchinated by spicules proper to the 
sponge, and precisely comparable to the ectyonine fibres of some 
Monaxonida. 

PhoriosjMHt/ia, as far as its main skeleton is concerned, is a 
typical Ceratose sponge, with fibres of the areniferous type, but 
it possesses sigma ta free in the flesh. 

The sub-class is confined to shallow water, no horny sponge 
having been dredged from depths greater than 41 0 fathoms. 1 Tlie 
greatest number occur at depths between 10 and 2G fathoms. 

In the majority of the Ceratosa the skeletal fibres are homo- 
geneous, formed of concentric lamellae of spongin, deposited b) 
a sheath of spongoblasts around a filiform axis. In otlieis, 
however, the axis attains a considerable diameter, so as 
form a kind of pith to the fibre, which is then distinguish^ 
as heterogeneous. In one or two cases some of the spong 
blasts of a heterogeneous fibre are included in the fibre betwetf 
the spongin lamellae. Ianthella is the best -known examp 
in which this occurs. 

Ceratosa are divided into Dictyoceratina and Dendroceratm^ 
distinguished, as their names express, by the nature 0 
skeleton — net-like, with many anastomoses, in the one ; tree 
without anastomoses between its branches, in the other. ^ 

The Dictyoceratina comprise by far the larger num 1 

Ceratosa. They fall into two main families, the Spongidue an 

Spongelidae, both represented in British waters. r l he Spong 1 <ie 

1 K. von Lcu'lciifcld, Monotjra\>h of Jlorny tSjwnycs, 18S0, p- 
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are characterised by a granular ground substance and aphodal 
chamber system ; the Spongelidae by a clear ground substance and 
sac-like eurypylous chambers. 

The bath sponge, Eusponyia officinalis, belongs to the Spongidae. 
1 he finest varieties come from the Adriatic, the coarser ones from 
the Dalmatian and North African coasts of the Mediterranean, 
from the Grecian Archipelago, from the West Indies, and from 
Australian seas. The softer species of the genus Hipposponyia 
also form a source of somewhat inferior bath sponges. 

Among Dendroceratina, Darminella is unique and tempts to 
speculation, in that it possesses isolated spongin elements, resemb- 
ling in their forms triaxon spicules. 


Key to British Genera of Sponges, 

( Skeleton calcareous 
Skeleton siliceous ... 

Skeleton horny, or without free spicules 
Skeleton absent 

* • • • 

9 I Gastral layer continuous 

\ Gastral layer discontinuous, confined to chambers 

3. { Kpuangular tri radiate systems present . 

\ Trirad iate systems all alate 

4 f Chambers tubular, radially arranged 
\ Chambers spherical, irregularly scattered 

5. f Tufts of oxea te spicules at the ends of the chambers 
\ Oxeate spicules lying longitudinally in the cortex 

All the spicules hexradiate or spicules easily derived fr 

6. J ^ • 

koine ot the spicules calthrops or triaenes 
Megascleres uniaxial 

7 / Amphidiscs present 
l Amphidiscs absent 

» ****** ■ 1 * ! - 

Hooting tuft diffuse ; sponge oval ; osculant single * '“* 

, Pheront 'ii x carpenteri 

». |C.f. ItSSrtXS S3 

it n . ,. Asconerna set abate)} se 

>» SLE'h, .;,o„ 

1 1 naenes with fully developed rhaUlcroe l emtus 


2 
(> 

. 53 

. 5 5 

3 

4 

datin'! na 

Leucosolenia 

5 

Leucamlra 

S IJ CO ll 

Vte 

om hexradiate 

i 

10 
15 

8 
1) 



Fig. 109. — Microscleres of Demospongiae. a , b, Sigmaspires viewed in different directions; 
c.U, bipocilli viewed in different directions ; <\toxaspire ;f,f\ spii;a-ster; </, sanidnster , 
/<, aiTiphiaster ; i, sigma : j, dianeistra ; k, isochela ; /, m, anisoclrelae viewed in 
different directions ; u, cladotyle ; a, t<txa.; jj, forceps ; y, oxya*t£r ; f, spheraster , 
5 , oxyaster with 6 actines ;* f, another witli A actines ; u, another with rays red ucei 
to two (eentrotylote inicroxea) ; e, tylote niicrorbubduH ; 10 , trichodraginata , 

x, oxeate microrhabdus or inicroxea. 


1 1 


f Microscleres sigmata 
[Siginata absent, asters present . 


Craniella cranium 

12 


12 


Poecillustra compressa 

14 


13 


14 


15 


( Microscleres include spirasters . 

Microscleres include sterrasters .... 

1 1 3 

(Microscleres include euasteis : spirasters and sterrasters absent 

Two kinds of euaster ]>rcsent .... tellctta 

Microscleres include a euaster and a sail blaster or ampliiaster 

[ Stryphn us pondcrvsns 

# 

( Microscleres include inicrorliabdi . Pa ch 1/ matisma johnstan > < < 

Microscleres include many- rayed euasters 


1 


16 . 


1 


/ Some of the microscleres asters. 

( Microscleres absent, or not asters 

j Skeleton radiate; asters of more than one kind 
-j Sponge encrusting ; asters of one kind only 
y Skeleton fibrous 

( Megascleres all diactinal ; chelae present 
' Megascleres all diactinal ; chelae al»sent 
[Some or all of the megasoieres rnonaetinal 


- ^ | 

Cydonium mil’ en 

16 
17 


Tethya 
Hymedesmia 
Axinella spp- 

Desmaculcm 
. 18 
19 
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( Habitat fresh water 
( Habitat marine 

(Megascleres include cladotyles . 


Megascleres include duml»-hell or sausage-shaped spicules forming the 

• . • 1 ■ f 


main reticulum .... 
ig Microscleres include bipocilli 

Microscleres include diancistra . 

Megascleres include forceps 

Skeleton formed of isolated monad ines vertically placed 
None of the above peculiarities present 

f Skeleton fibre not echinated 


(Skeleton fibre echinated 


/ Skeleton with echinating spicules 
(Skeleton without echinating spicules 

vo f Spongin abundant .... 

(Spongin scanty .... 

f Fibre not echinated .... 

(Fibre echinated .... 

24 f^ ihre with a single axial series of spicules 

(Fibres with numerous spicules arranged polyserial ly 

I Microscleres absent .... 

25. -'Microscleres sigmata and 1 

(Microscleres sigmata or J OXd ' 

J Skeleton confused .... 

(Skeleton reticulate .... 

j Hind and fistulous appendages present ; microscleres sigm; 
27. * No rind ; skeleton reticulate; microscleres sigmata and 
(No liiul ; skeleton ret.; ulate ; microscleres sigmata or 


. 56 

. 22 

A car n ns 


1* locum i a 
. 20 
Hamacantha 
Force pi a 
Hymeraph ia 
. 21 

f&phon 

I’ucillon 

. 28 
. 30 

. 23 


25 


. 24 

Diplodemia 

Chalinu 

Pncliychalina 

. 26 


Ifalichovdriu 
. Ren iera 

Rinata Ocean upiu 


lgmata or 


toxa Gellius 


(•Skeleton confused or formed of 1m, idles of spicules with cchinatinc 
I opined styl-s . . 0 ” 

28. .Skeleton fibrous or reticulate, or formed of short columns T-, 


r milUU.S fir IVlieilKlK 

I Skeleton formed of a dense c 
V to the surface 


entral axis, and columns radiating from it 


f»2 

• ( / m 


j Spicules of the ectosome styles . /> 

20. -J Spicules of the ectosome oxeas or absent (Vntl 

\ Main skeleton confused. Special eetosomal skeleton absent SpaJ^Z 

30 t,M! C, :~- ~ *'« of the 

^Megascleres of the cl.oa„x,„m e differing from those 'of the ' ech! 

rru , , ’ * ‘ ’ * * .32 

[ t lielae absent . 

\ Chelae present * 33 

32 f Trichodragniata present 

(Trichodragmata absent “* ^ ’ * 'led a mu 


32 

33 
44 


Ted uni a 
. 42 


v . 
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/i Mi / I A 0 H ^ ,<i ’ — Megascleres. a-l 

}sj£ / /, / I I and 7' s ' Modifications of 

/ I r ?.'/ r . / I / monaxon type, a, Stroii- 

/h\ 1 ' l \ I 9 \V\\ e \ ^ I C ^ a gyle ; 6, tylote ; r, oxea ; 

« a j JR H jJ / I 

1 style; A, sagittal triod (a 

}| HI triaxon form derived from 

I ' ^ IJI ) monaxon) j^.oxy tylote ; k, 

I 1/ 1 I anatriaene ; l , protriaene ; 

I 1 \ / V /) f w * sterraster (polyaxon); 

I / I / V v n% radial section through 

a/> the outer part of wi, sliow- 

V\vJ -X/ ing two actines soldored 
8 0 together by intervening 

C >n \ ' I silica ; o, desina of an 

Y )jl (1 bv^T/TK^ Anomocladine Lithistid 

/ l CsJ* \ r (polyaxon) ; q, crephlial 

trf? * I / strongyle, basis of rbah- 

docrepid Lithistid desina ; 
r, young form of rhab- 

docrepiil desina, showing cr.pidial strongyle coated with successive layers of silica; 
rhabdocrepid desina. ^ "" 




33 


/Skeleton reticulate or fibrous . . . . .34 

J Skeleton radiate or diffuse . . . . .37 

| Skeleton with radiating fibres forming a reticulum with others crossing 
( them at right angles .... Qnasilhna 


them at right angles 
No microscleres 


Qua si III mi 

. 35 


. 'Microscleres sigmata ancH . . . . . . . i i 

4. ... . . h loxawitnorwitliouttrichodragm.ua 

(Microscleres sigmata or \ J) r sviacella 

o/j 

r l Sponge fail- or funnel-shaped . . . • • . 

K i Sponge not fan- or funnel-shaped . . / lymeniandon 


(Sponge not fan- or funnel-shaped 

„ „ / Megascleres slender and twisted 

(Megascleres somew hat stout, not twisted 


37 


Sigmata present, skeleton diffuse 


{ Sigmata ] 
Sigmata i 


abs* nt 


39 


. 30* 

// ijmeniandon 

Phakellia 

Trus/osia 

Jliemma 
. 38 

. 39 

Cliona 

Halicnemia 

. 40 

polymastia 

41 


;jr 

_ j' Skeleton more or less radiate . . . • * 

(Skeleton diffuse ; sponge boring . . • Choi in 

39 /Sponge discoid with marginal fringe . . • Halicnemio ^ i 

(Sponge massive or stipitate without marginal fringe 

C Sponge body prolonged into n lammiform projections . Polymastia 
(Sponge body without mammiform projections . 

I No microscleres. Megascleres tylostyles with or without styles 

41. J Suberite* 

[Microscleres centrotylote. Megascleres styles or tylostyles Ficuhna 

A *1 

^2 / Choanosomal megascleres smooth . . • * 

(Choanosonial megasclei*es spined . . . T)tndoryt 

^ /Microscleres chelae and sigmata of alxmt the same size . / *j ssodrn d<>ry- r - 
(Chelae, if present, smaller tliau the sigmata . . • 1 vfsia 


VIII 


KEY TO BRITISH GENERA 


225 


44. 


45. 


46 . 


47. 


48. 


49. 


50. 


51. 


f Isochelae ...... Esperiitpsi* 

\Anisochelac ...... Esprrella 

/"Fibres or columns plumose . . . . .46 

\ Fibres or columns ectyonine . . . . .47 

/Mieroscleres toxa .... Oph litasponyia 

\Microscleres al>sent ..... Axinella 

{ Skeleton reticulate . . . . . .48 

Skeleton not reticulate . . . . .49 

(Mieroscleres present. Spicules of the fibre core spined . Myxxlla 
(Microscleres absent. Spicules of the fibre core smooth . Lissomyxilla 

{ Main skeleton formed of plume-like columns . . .50 

- Main skeleton formed of horny fibres (ectyonine). Special dermal 
( skeleton wanting ..... Clathria 

f Dermal skeleton contains styles only . . . Microciona 

(Dermal skeleton contains diactine spicules with or without styli 51 

/ Main skeleton columns with a core of smooth oxeas Plumohalichondria 
(Main skeleton columns with a core of spined styles . Stylosdchov 


Myxilla 


52. 

53 . 

54. 

55. 

56. 


Central axis contains much spongin. Echinating spined styli 
present ...... Raspailia 

Central axis with little or no spongin. Spined styles absent. Pillars 
radiating from the axis support dermal skeleton . Ciocalypta 


Ground sulxstance between chambers clear; chambers pear-shaped or 
oval; eurypylous. .... Sponyelia 

Ground sulwtance granular. Chambers spherical with aphodi . 54 


j Fibres not pithed ; sponge fan-shaped . 

(Fibres pithed ; sponge massive . 

/ Chambers long, tubular, branched 

(Chambers not much longer than broad ; not branched 


Leiosella 

Aplysina 

Halisarca 
Oscar el la 


/ Amphidiscs present 
(Amphidiscs absent 


Epliydatia 

Sponyilla 


VOL. I 


Q 


CHAPTER IX 


PORIFERA ( CONTINUED ) : REPRODUCTION, SEXUAL AND ASEXUAL 

PHYSIOLOGY DISTRIBUTION FLINTS 

The reproductive processes of Sponges are of such great import- 
ance in leading us to a true conception of the nature of a sponge 
that we propose to treat them here in a special section. Both 
sexual and asexual methods are common ; the multiplication of 
oscula we do not regard as an act of reproduction (p. 174). 



Fio. 111. — A, amphiblastula larva of Sycon raphanus ; B, later stage, showing in*ag' ns 
tion of the flagellated cells, c.s. Segmentation cavity ; «c, ectoderm ; endoderm. 
(After F. E. Schulze, from Balfour.) 

A cursory glance at a collection of sponge larvae from 
different groups would suggest the conclusion that they are 
divisible into two wholly distinct types. One of these is the 
amphiblastula , and the other the parenchy mulct. This was the 
conclusion accepted by zoologists not long ago. We are indebted 
to Delage, Maas, and Minchin for dispelling it, and showing that 
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these types are but the extreme terms of a continuous series of 
forms which have all the same essential constitution and undergo 
same metamorphosis. 

The amphiblastula of Sycon raphanus (Fig. Ill) consists of 
an anterior half, formed of slender flagellated cells, and a posterior 
half, of which the cells are large, non-flagellate, and rounded. 
These two kinds of cell are arranged around a small internal 
cavity which is largely filled up with amoebocytes. The 
flagellated cells are invaginated into the dome of rounded cells 
during metamorphosis, in fact, become the choanocytes or gastral 
cells; the rounded cells, on the other ° 

hand, become the dermal cells — an 
astonishing fact to any one acquainted 
only with Metazoan larvae. 

A typical parenchymula is that of 
Clathrina blanca (Fig. 112). When 
hatched it consists of a wall surround- 
ing a large central cavity and built up 
of flagellated cells interrupted at the 
hinder pole by two cells (p.gx) — the 
mother -cells of archaeocytes. Before 
the metamorphosis, certain of the flagel- 
lated cells leave the wall and sink into 

the central cavity, and undergoing Fig. 112.— Median longitudinal 
certain changes establish an inner mass 

of future dermal cells. By subsequent 
metamorphosis the remaining flagellated 
cells become internal, not this time by 

invagination but by the included dermal cells breaking through 
outside^ ° f the larVa ’ aDd f ° rming thelusel ves into a layer at the 

‘exi8 I teni he th arVa ° f “T after a P 6 ™ 1 of free -swimming 

larva ° 0 Til f ° f i - the newTy hashed 

newly hatched Tarv“ is 2e ^ T"** ** ^ 

Of the Sycon larva 1 ^ earher cel1 differentiation 

Now consider ,ho o! Iml „^ „ „ ^ „ . 

• M,ncl,,n in E - Lankesters Treatise, p. 77. 



section of parenchymula 
larva of Claihnna blanca . . 
p.g.c, Posterior granular 
cells — arcliaeocyte mother- 
cells. (After Mincliin.) 
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completely flagellated larva; its arehaeocytes are internal (as in 
Sycon ); future dermal cells, recognisable as such, are absent. 
They arise, as in C. blanca , by transformation of flagellated cells; 
but (1) this process is confined to the posterior pole, and (2) the 
internal cavity is small and filled up with arehaeocytes. Con- 
sequently the cells which have lost their flagella and become 
converted into dermal cells cannot sink in as in C. blanca: they 
accumulate at the hinder pole, and thus arises a larva half 
flagellated, half not ; in fact, an amphiblastula. Or, briefly, 
in Leucosolcriia the larva at hatching is a parenchymula, and 
when ready to fix is an amphiblastula; and, again, the differ- 
ence between the newly hatched larva and that of Sycon is due 
to the earlier occurrence of cell differentiation in the latter. 
What completer transitional series could be desired ? 

Turning to the Micromast ictora, the developmental history 
already sketched is fairly typical (p. 172). The differences 
between Mega- and Micro - niastictoran larvae are referable 
mainly to the fact that the dermal cells in the latter become 
at once differentiated among themselves to form the main types 
of dermal cell of the adult. 1 The metamorphosis is comparable 
to that of C. blanca. Among Tetractinellida and Hexactinellida 
sexually produced larvae have not been certainly identified. 

Asexual reproduction takes place according to one of three 
types, which may be alluded to as (1) “ budding/’ (2) “ gen^rnula- 
tion,” (3) formation of “ asexual larvae.” {/* 

By budding (Fig. 113) is meant the formation of reproductive 
bodies, each of which contains differentiated elements of the 
various classes found in the parent. A simple example of this is 
described by Miklucho Maclay in Ascons, where the bud is 
merely the end pf one of the Ascon tubes which becomes pinche 
off and so set free. 

In Leucosolenia boiryoides 2 Vasseur describes a similar process , 
in this, however, a strikingly distinctive feature is present ( *©* 
114), namely, the buds have an inverse orientation with respect o 
that of the parent, so that the budding sponge presents a contras 
to a sponge in which multiplication of oscula has occurred. 11 
fact, the free distal end of the bud becomes the base of the youn n 
sponge, and the osculum is formed at the opposite extremity, 
where the bud is constricted from the parent. Such a reversa 

1 Maas, Zool. Centralbl. v. 1898, p. 681. 2 Arcit. Zuol Exp. viii. *879, P* 59 ‘ 
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of the position of the bud is noteworthy in view of its rarity, and 
the case is worth reinvestigating, for in other animal groups a 



Fia. 113. — Lophocalyx philippensis. The specimen bears several buds attached to it by 

long tufts of spicules. (After F. E. Schulze.) 




Fl0 ‘ the 4 sP ic"Te ******* <, 

parent directed towards the osculum V B* 1 Vu\ TTk ’ u the Rpicules of the 
become fixed by the extremity which was free* or disJnn £“ ^rWO ^ 

bud or a regenerated part retains so constantly the same orien- 
tation as the parent that Loeb,' after experimenting on the 

“Biological Lectures, Woods Hull,” 1894 , p. 43. 
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regeneration of Coelenterata and other forms, concluded that a 
kind of “ polarity ” existed in the tissues of certain animals. 

In Oscarella lobulans 1 the buds are transparent floating 
bladders, derived from little prominences on the surface of the 
sponge. Scattered in the walls of the bladders are flagellated 
chambers, which open into the central cavity. The vesicular 
nature of the buds is doubtless an adaptation, lessening their 
specific gravity and so enabling them to float to a distance from 
the parent. 



Ge 

example 


illation. — Spongilla has already afforded us a typical 
of this process. Gemmules very similar to those of 

Spongilla are known in a 
few marine sponges, especi- 
ally in Suberites and in 
Ficulina. They form a 
layer attached to the 
surface of support of the 
sponge — a layer which 


may be single or double, 



or even three or four tiers 
deep. A micropyle is 
sometimes present in the 
spongin coat, sometimes 
absent ; possibly its absence 

F,o. 115. -Gemmules of Ficulina. A, vertical be correlated with 

section of gemmules in sitn ; B, vertical sec- the piling of Olie layer 01 

Micropylc! >Per P ° rti ° n ° f 0ae gemmU,e * ^ gemmules on another, as 

this, by covering up the 
micropyle, would of course render it useless. Presumably when 
a micropyle is present the living contents escape through it and 
leave the sponge by way of the canal system (Fig- 115). 

The only case besides Spongilla in which the details of 
development from gemmules have been traced is that of 7 cthya- 
Mere microscopic examination of a Tethya in active reproduction 
would suggest that the process was simple budding, hut Maas 
has shown that the offspring arise from groups of archaeocytes in 
the cortex, that is to say, they are typical gemmules. As they 
develop they migrate outwards along the radial spicule-bundles 


1 F. E. Schulze, Zool. Anz. ii. 1879, p. 636. 

2 Maas, Zeitschr . i oiss. Zool. lxx. 1901, p. 263. 
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and are finally freed, like the buds of the Hexactiuellid Lopho- 
calyx (Fig. 113 ). 

The comparison of the process of development on the one hand 
by gcmmules, and on the other by larval development, is of some 
interest. 1 In both cases two cell 
layers — a dermal and a gastral — are 
established before the young sponge 
has reached a functional state. Dif- 
ferences of detail in the formation of 1 2 



the chambers occur in the gemmule ; 
these find parallels in the differences 
in the same process exhibited by the 
larvae of various groups of sponges. 
On the other hand, the order of tissue 
differentiation is not the same in the 
gemmule as in the larva. 

Of the reproduction of Tetrac- 
tinellida extremely little is known. 
Spermatozoa occur in the tissues 
in profusion and are doubtless 
functional, but larvae have been 



3 


Fig. 116. — Development of the tri- 
radiate and qnadriradiate spicules 
of Clathrina. (1) Three sclero- 
blasts ; (2) each has divided : the 
spicule is seen in their midst ; (3) 
addition of the fourth ray by a 
porocyte. p, Dermal aperture of 
pore ; r, fourth ray. (After 
Minchin.) 


^ seldom observed. 

In Hexactinellida the place of 

Wr sexually produced larvae is taken by 

x 3 bodies of similar origin to gemmules 

but with the appearance of paren- 
chymulae. Ijima has indeed seen a 

^ 6W e £S" ce ^ 8 * n Hexactinellids. 2 He 
finds, however, that archaeocyte con- 
geries occur in abundance, and there is 
5 good reason to believe with him that 

these are responsible for the numerous 
parenchymula - like asexually pro- 

fig. ii7.— Three stages in the ^ uce< ^ larvae he has observed. The 
development of the triradiate discovery of “ asexual larvae ” was 

1200. (After^M^slf 0 ^ 1 ’ X ^ rst ma( le by Wilson in the Monaxonid 

Esperella ; in this case the asexual 
larva is, as far as can be detected, identical with that developed 
from the fertilised egg. A similar phenomenon, the production 


1 Maas, loc. cit. p. 284. 


2 J. Coll. Japan, xv. 1901, p. 180. 
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of apparently identical larvae by both sexual and asexual 
methods, has been observed in the Coelenterate Gonionema 
murbachii } 


Artificially, sponges may be reproduced with great advantage 



Fio. 118. — Development of monaxon 
spicules. A, from SpongiUa 
lacustris , showing the single 
scleroblast. (After Evans.) B, a 
very large monaxon, from Leuco- 
solatia , on which many sclero- 
blasts are at work. (After Maas.) 


to commerce by means of cuttings. 
Cuttings of the bath sponge are fit 
to gather after a seven years’ 
growth. 

V/The development of the various 
forms of spicules is a subject about 
which little is yet known. Most 
spicules of which the development 
has been traced originate in a single 
dermal cell. The triradiate and 
quadriradiate spicules of Homocoela 
(Clathrinidae), as Minchin 1 2 has most 
beautifully shown, form an excep- 
tion. Three cells co-operate to form 
the triradiate ; these three divide to 
give six before the growth of the 
spicule is complete. A quadriradiate 
is formed from a triradiate spicule by 
addition of the fourth ray, which, 
again, has a separate origin in an 
independent cell, in fact a porocyte. 
The triradiate spicules of the Sycet- 
tidae, on the other hand, originate 
in a single cell, 3 but the quadri- 
radiate spicules are formed from 
these by the addition of a fourth 
ray in a manner similar to that 


which has just been described for Clathrinidae. 

Monaxon spicules if not of large size undergo their entire 
development within a single scleroblast (Fig. 118, A). In some 
cases if their dimensions exceed certain limits, several cells take 
part in their completion ; some of these are derived from the 


1 Perkins, Johns Hopkins Uhiv. Circ. xxi. 1902, p. 87. 

2 For Ue tails of this interesting process see Minchin, Quart. J. Micr. Set. xl. 
1898, p. 469. 

3 Maas, Ztitschr. v:iss. Zool. Ixvii. 1900, p. 225. 
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division of the original scleroblast, others are drawn from the 
surrounding tissue. In Tethya, for example, and in Leucosolenia 1 
the scleroblasts round the large monaxon spicules are so numerous 
as to have an almost epithelioid arrangement. 

The large oxeas of Tetilla , Stclletta , and Geodia , however, are 
formed each within a single scleroblast. 2 



Vic,. 119.— Development of spheraster. A, of Tethya, from union of two n u ad ri radiate 
spicules. (After Maas.) B (a-e), of Chondrilla, from a spherical globule. (After Keller.) 


he has shown that the 


Triaenes have been shown 8 to originate as monaxons with 
one swollen termination, from which later the cladi grow out. 
Information as to the scleroblasts in this case is needed. 

The value of a knowledge of the ontogeny of microscleres 
might be great. Maas believes that 
spherasters of Tethya are 
formed by the union of 
minute tetractine cal- 
throps (Fig. 119, A). If 
this view should be con- 
firmed, it would afford a 
very strong argument 
for the Tetractinellid 

affinities of Tethya , . 

Keller, 4 on the other 

hand, finds that the spherasters of the Tetractinellid Chondrilla 




a 




*ig. 120.— Stages in the development of the micro- 
scleres of Placospong ia . (After Keller.) 


1901 „ 265 * i' IT ’ 1900 ’ P- 553 > ^ trite. Zool Ixx 

“ soiilfcwl J Ann - Mag - NaL HisL < 6 > “• r- 401. 

3 ^ ’ C ^ llle,u J er Monograph, xxv. 1888, p. xlv. 

“ ’ • I ' I> - 13 and 34 - I’ 1 ' V. 0 Zcitschr. viss. Zuol. lii. 1891, p 294 


234 


PORIFERA 


CHAP. 


originate as spheres (Fig. 1 1 9, B) ; and spheres have been observed 
in the gemmule of a Tethya ; no spherasters were as yet present in 
the gemmule, and spheres were absent in the adult. 1 

In the genus Placospongia certain spicules are present which 


outwardly closely resemble the sterrasters so characteristic of 

certain Tetractinellidae. Their 
development, however, as will 
be seen from Fig. 120, shows 
that they are not polyaxon but 
spiny monaxon spicules. Placo- 
spongia is consequently trans- 
ferred to the Monaxonida Spin- 
tharaphora. 

Sterrasters originate within 
an oval cell as a number of 
hairlike fibres 2 (trichites), which 
are united at their inner ends. 
The outer ends become thickened 
and further modified. The 
position occupied by the nucleus of the scleroblast is marked in 
the adult spicule by a hilum. 

The anisochela has been shown repeatedly to originate from a 
C-shaped spicule. 3 




Flo. 121. — Three stages in the development 
of an anisochela. al, Ala ; aV, lower 
ft fa ;/, falx ; f\ lower falx ; r, rostrum ; 
/, lower rostrum. (After Vosmaer and 
Pekelharing.) 


What little is known of the development of Hexactinellid 
spicules we owe to Ijima. 4 Numerous cells are concerned in 
certain later developmental stages of the hexaster ; a hexaster 
passes through a hexactin stage, and — a fact “possibly of 
importance for the phylogeny of spicules in Hexactinellida ” — 
in two species the first formed spicules are a kind of hexactin, 
known as a “ stauractin,” and possessing only four rays all in one 
plane (cf. Protospongia , p. 207). 


Physiology 

Production of the Current. — It is not at first sight obvious 
that the lashing of flagella in chambers arranged as above 

1 I. Sollas, P. Zool. Soc. London, ii. 1902, p. 215. 

2 Sollas, Ann. May. Nat. Hist. (5) ix. 1880, p. 402. 

o ! Q or WerbaDk ’ and alS ° Vosmaer and Pekelharing, Verh. Ak. Amsterdam (2) vi. 

t5 f Io9o. 

4 J. Coll. Jajtan, xv. 1901, p. 193. 
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described, between an inhalant and an exhalant system of canals, 
will necessarily produce a current passing inwards at the ostia 
and outwards at the osculum. And the difficulty seems to be 
increased when it is found 1 that the flagella in any one chamber 
do not vibrate in concert, but that each keeps its own time. 
This, however, is of less consequence than might seem to be the 
case. Two conditions are essential to produce the observed 
results: (1) in order that the water should escape at the mouth 
of the chamber there must be a pressure within the chamber 
higher than that in the exhalant passages; (2) in order that 
water may enter the chamber there must be within it a pressure 
less than that in the inhalant passages. But the pressure in 
the inhalant and exhalant passages is presumably the same, at 
any rate before the current is started, therefore there must be a 
difference of pressure within the chamber itself, and the less 
pressure must be round the periphery. Such a distribution of 
pressures would be set up if each flagellum caused a flow of 
water directed away from its own cell and towards the centre of 
the chamber ; and this would be true whether the flagellum 
beats synchronously with its fellows or not. 

The comparative study of the canal systems of sponges 2 
acquires a greater interest in proportion as the hope of correlat- 
ing modifications with increase of efficiency seems to be realised. 
In a few main issues this hope may be said to have been realised. 
The points, so to speak, of a good canal system are (1) high 
oscular velocity, which ensures rapid removal of waste products 
to a wholesome distance ; (2) a slow current without eddies in 
the flagellated chambers, to allow of the choanocytes picking up 
food particles (see below), and moreover to prevent injury to the 
delicate collars of those cells; (3) a small areaTof choanocytes, 
and consequent small expenditure of energy in current production. 

It is then at once clear at what a disad vantage the A scons 
are placed as compared with other sponges having canal systems 
of the second or third types. Their chamber and oscular 
currents can differ but slightly, the difference being obtained 
merely by narrowing the lumen of the distal extremity of the 
body to form the oscular rim. Further, the choanocytes are 

1 Vosmaerand Pekelharing, Verh. Ale . Amsterdam, 1898. 

See Bidder, P. Camb. Soc. vi. 1888, p. 183 ; Sollas, Challenger Monograph, 
xxv. 1888, pp. xviii.-xxi. ; and Vosniaer and Pekelharin", loc. cit. 
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acting on a volume of water which they can only imperfectly 
control, and it is no doubt due to the necessity of limiting the 
volume ot water which the choanocytes have to set in motion that 
the members of the Ascon family are so restricted in size. The 
oscular rim is only a special case of a device adopted by sponges 
at the very outset of their career, and retained and perfected 
when they have reached their greatest heights; the volume of 
water passing per second over every cross-section of the path of 
the current is of course the same, therefore by narrowing the 
cross-sectional area of the path at any point, the velocity of the 
current is proportionally increased at that point. The lining of 
the oscular rim is of pinacocytes ; they determine a smooth surface, 
offering little frictional resistance to the current, while choanocytes 
in the same position would have been a hindrance, not only by 
setting up friction, but by causing irregularities in the motion. 

Canal systems of the second type show a double advance upon 
that of the Ascons, namely, subdivision of the gastral cavity and 
much greater length of the smooth walled exhalant passage. The 
choanocytes have now a task more equal to their strength, and, 
further, there is now a very great inequality between the total sec- 
tional areas of the flagellated chambers and that of the oscular tube. 

Canal systems of the third type with tubular chambers are 
an improvement on those of the second, in that the area of 
choanocytes is increased by the pouching of the chamber-layer 
without corresponding increase in the size of the sponge. How- 
ever, the area of choanocytes represents expenditure of energy, 
and the next problem to be solved is how to retain the improved 
current and at the same time to cut down expense. The first 
step is to change the form of the chamber from tubular to spherical. 
Now the energy of all the choanocytes is concentrated on the 
same small volume of water. The area of choanocytes is less, 
but the end result is as good as before. At the wide mouth of 
the spherical chamber there is nevertheless still a cause of loss of 
energy in the form of eddies, and it is as an obviation of these 
that one must regard the aphodi and prosodi with which, higher 
members of the Demospongiae are provided. The correctness of 
this view receives support, apart from mechanical principles, 
from the fact that the imiss of the body of any one of these 
sponges is greater relatively to the total flagellated area than in 
those sponges with eurypylous chambers; that is to say, a few 
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aphodal and diplodal chambers are as efficient as many of the 
eurypylous type. 

It is manifest that the current is the bearer of the supply 
of food; but it requires more cure to discover (1) what is the 
nature of the food ; (2) by which of the cells bathed by the 
current the food is captured and by which digested. The 
answer to the latter question has long been sought by experi- 
menters, 1 who supplied the living sponge with finely powdered 
coloured matters, such as carmine, indigo, charcoal, suspended in 
water. The results received conflicting interpretations until it 
became recognised that it was essential to take into account the 
length of time during which the sponge had been fed before its 
tissues were subjected to microscopic examination. Yosmaer and 
Pekelharing obtained the following facts : Spongilla lacustris 
and Sycon ciliatum, when killed after feeding for from half an 
hour to two hours with milk or carmine, contain these substances 
in abundance in the bodies of the choanocytes and to a slight 
degree in the deeper cells of the dermal tissue ; after feeding for 
twenty-four hours the proportions are reversed, and if a period of 
existence in water uncharged with carmine intervenes between 
the long feed and death then the chambers are completely free 
from carmine. These are perhaps the most conclusive experi- 
ments yet described, and they show that the choanocytes ingest 
solid particles and that the amoeboid cells of the dermal layer 
receive the ingested matter from them. In all probability it is 
fair to argue from these facts that solid particles of matter 
suitable to form food for the sponge are similarly dealt with 
by it and undergo digestion in the dermal cells. 

Choanocytes are the feeding organs par excellence; but the 
pinacocytes perform a small share of the function of ingestion, 
and in the higher sponges where the dermal tissue has acquired 
a great bulk the share is perhaps increased. 

In the above experiments is implied the tacit assumption 
that sponges take their food in the form of finely divided solids. 
Haeckel states his opinion that they feed on solid particles 
deiived from decaying organisms, but that possibly decaying 
substances in solution may eke out their diet. Loisel, in 189 8, 3 

1 Carter and Lieberkulm in 1856, Haeckel in 1872, Mctsclinikoff in 1879, and 
many later workers. 

2 Die Kalkschwamme, 1872, i. p. 372. 3 J. Anal. Physiol. 1898, pp. 1, G, 234. 
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made a new departure in the field of experiment by feeding 
sponges with coloured solutions, and obtained valuable results. 
Thus solutions, if presented to the sponge in a state of extreme 
dilution, are subjected to choice, some being absorbed, some 
rejected. When absorbed they are accumulated in vacuoles 
within both dermal and gastral cells, mixed solutions are separ- 
ated into their constituents and collected into separate vacuoles. 
In the vacuoles the solutions may undergo change; Congo red 
becomes violet, the colour which it assumes when treated with 
acid, and similarly blue litmus turns red. The contents of the 
vacuoles, sometimes modified, sometimes not, are poured out 
into the intercellular gelatinous matrix of the dermal layer, 
whence they are removed partly by amoeboid cells, partly, so 
Loisel thinks, by the action of the matrix itself. It adds to the 
value of these observations to learn that Loisel kept a Spongilla 
supplied with filtered spring-water, to which was added the 
filtered juice obtained from another crushed sponge. This 

Spongilla lived and budded, and was in good health at the end 
of ten days. 


Movement. Sponges are capable of locomotion only in the 

young stage ; in the adult the only signs of movement are the 

exhalant current, and in some cases movements of contraction 

sufficiently marked to be visible to the naked eye. Meresjkowsky 

was one of the early observers of these movements. He mentions 

that he stimulated a certain corticate Monaxonid sponge by 

means of a needle point : a definite response to each prick inside 

the oscular rim was given by the speedy contraction of the 
osculuin . 1 


Pigments and Spicules. — Various reasons lead one to con- 
clude that the spicules have some function other than that of 
support and defence, probably connected with metabolism. For 
the spicules are cast off, sometimes in large numbers, to be 
replaced rapidly by new ones, a process for which it is difficult 
to find an adequate explanation if the spicules are regarded as 
merely skeletal and defensive . 2 Potts remarks upon the strik- 
ing profusion with which spicules are secreted by developing 
Spongillids from water in which the percentage of silica present 
must have been exceedingly small. The young sponges climbed 

1 Atom. Ac. St. P Ucrab. (7) xxvL 1878, p. 10. 

2 Sollas, Challenger Report , xxv. pfc lxiiL p. Ixxxviii. 


IX 


PHYSIOLOGY DISTRIBUTION 


239 




up the strands of spicules as they formed 
them, leaving the lower parts behind and 
adding to the upper ends. 

Of the physiology of the pigments of 
sponges not much is yet known : a useful 
summary of facts will be found in Yon 
Fiirth’s text-book. 1 

Spongin. — Von Flirth 1 points out that 
this term is really a collective one, seeing 
that the identity of the organic skeletal 
substance of all sponge species is hardly to 
be assumed. Spongin is remarkable for 
containing iodine. The amount of iodine 
present in different sponges varies widely, 
reaching in certain tropical species of the 
Apl) sinidae and Spongidae the high figure 
8 to 14 per cent. Seaweeds which are 
specially rich in iodine contain only 1 5 
to 1*6 per cent. 

In view of the fact that iodine is a 
specific for croup, it is of interest to observe 
that the old herb doctors for many centuries 
recognised the bath sponge as a cure for 
that disease. 

Distribution in Space. — All the larger 
groups of Sponges are cosmopolitan. Each 
group has, however, its characteristic bathy- 
metrical range : the facts are best displayed 
by means of curves, as in Fig. 122, which 
is based wholly on the results obtained by 
the “ Challenger ” Expedition. The in- 
formation as to littoral species is con- 
sequently inadequate, and we have not the 
data requisite for their discussion. 

Sponges generally (a) and Monaxonida 
in particular ( b ) are more generally dis- 
tributed in water of depths of 51 to 200 
fathoms than in depths of less than^O 
fathoms ; but localities in shallow water are 


1. II. 



Fig. 122. — The ordinals mea- 
sure (i.) the number of 
species. a-f t and (ii.) the 
number of stations, a -f\ 
at which successful hauls 
were made. The abscissae 
measure the depth : thus 
at I. tlie depth is from 
0 to 50 fathoms ; at II. 
from 51 to 200 ; at III. 
from 201 to 1000 ; at IV. 
from 1001 upwards, a, a', 
are the curves for Sponges 
generally ; b, b\ for Mon- 
axouida; c,c\ for Hexacti- 
nellida ; d,d\ forTetrac- 
tinellida ; e, e\ for Cal- 
carea; for Ceratosa. 


1 


I enjl. Plrysioluyic d. niedcrcJt T/i ierc, 


1903, p. 441. 
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richer, for the station curve (a') rises abruptly from I. to IL, 
while the species curve (a) in the same region is almost 

horizontal. 

The Hexactinellid curve (c) culminates on III., showing that 
the group is characteristically deep water. That for Tetracti- 
nellida (d) reaches its greatest height on II., i.e. between 51 
and 200 fathoms. Even here, in their characteristic depths, 
the Tetractinellida fall below the Hexactinellida, and far below 
the Monaxonida in numbers. Again, the Monaxonida are 
commoner than Hexactinellida in deep water ol 201 to 1000 
fathoms, and it is not till depths of 1000 fathoms are passed 
that Hexactinellida prevail, finally preponderating over the 

Monaxonida in the ratio of 2 : 1. 

The Calcarea and Ceratosa are strictly shallow-water forms. 

It is a fact well worth consideration that the stations at whic 1 
sponges have been found are situated, quite irrespective of depth, 
more or less in the neighbourhood of land. In the case of <* - 
carea and Ceratosa this is to be expected, seeing that shallow 
water is commonest near land, but it is surprising that it should 
be true also of the Hexactinellida and of the deep-water species 

of Tetractinellida and of Monaxonida. . , f 

While the family groups are cosmopolitan, this is not true o 

genera and species. The distribution of genera and species 

makes it possible to define certain geographical provinces o 

sponges as for other animals. That this is so, is ue ° 
existence of ocean tracts bare of islands ; for ocean enrren s c< ^ 

act as distributing agents with success only if they “ oW a 
coast or across an ocean studded with islands. It 1S > () 
the larval forms which will be transported; whether uy ^ 
ever develop to the adult condition depends on w ie e 
current carrying them passes over a bottom suita > e 
species before metamorphosis occurs and the young sp 0I i o ® ^ vr j 1 ich 
If such a bottom is passed over, and if the depth is one ^ a 
can be supported by the particular species in question, 
new station may thus be established for that species. g on 

The distance over which a larva may tie carried < ^I* 511 ^ 

the speed of the current by which it is borne, and on t »e 
of time occupied by its metamorphosis. Certain ot ,e 
currents accomplish 500 miles in six days; this gives some ^ 
of the distance which may intervene between the birthp ace 
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the final station of a sponge ; for six days is not an excessive 
interval to allow for the larval period of at any rate some species. 

Distribution in Time. — All that space permits us to say on 
the palaeontology of sponges has been said under the headings of 
the respective classes. We can here merely refer to the chrono- 
logical table shown in Fig. 123 — 


PALEOZOIC 


MESOZOIC 


CAIW020IC 


megamastictora 

Calcarea Homocoela 

CALCAQtA HETCROCOCLA 
Sycettioae 

Gaantiioae 

^MAAETRONES 

OlALVTlNAC 

Lithoninac 

MICROMASTICTORA 

H».*actineluoa 

Receptacuutioae 

HETCAACTINCLUOA 

Octactincluda 

Tetnactinellioa 
Choristioa 
Lithisti oa 

Monaxonida 

Ceratosa 



Fig. 123.— Table to indicate distribution of Sponges in time. 


Flints.— The ultimate source of all the silica in the sea and 
fresh-water areas is to be found in the decomposition of igneous 
rocks such as granite. The quantity of silica present in solution 
m sea water is exceedingly small, amounting to about one-and 
a-half parts in 100,000 ; it certainly is not much more in 
average fresh water. This is no doubt due to its extraction by 
chatoms, which begin to extract it almost as soon as it is set free 
from tlle parent rock. It is from this small quantity that the 
siliceous sponges derive the supply from which they form their 
spicules. Hence it would appear that for the formation of one 

ml!’ -d F.«* Bernard. 
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ounce ot spicules at least one ton of sea water must pass through 
the body of the sponge. Obviously from such a weak solution 
the deposition of silica will not occur by ordinary physical 
agencies ; it requires the unexplained action of living organisms. 
This may account for the fact that deposits of Hint and chert 
are always associated with organic remains, such as Sponges and 
Radiolaria. By some process, the details of which are not yet 
understood, the silica of the skeleton passes into solution. In 
Calcareous deposits, a replacement of the carbonate of lime by 
the silica takes place, so that in the case of chalk the shells of 
Foraminifera, such as Globigerina and Textularia and those of 
Coccoliths, are converted into a siliceous chalk. Thus a siliceous 
chalk is the first stage in the formation of a flint. 

A further deposition of silica then follows, cementing this 
pulverulent material into a hard white porous flint. It is white 
for the same reason that snow is white. The deposition of silica 
continues, and the flint becomes at first grey and at last apparently 
black (black as ice is black on a pond). Frequently flints are found 
in all stages of formation : siliceous chalk with the corroded remains 
of sponge spicules may be found in the interior, black flint blotched 
with grey forming the mass of the nodule, while the exterior is 
completed by a thin layer of white porous flint. This layer must 
not be confused with the white layer which is frequently met 
with on the surface of weathered flints, which is due to a sub- 
sequent solution of some of the silica, so that by a process of 
unbuilding, the fliut is brought back to the incompleted flint in 
its second stage. In the chalk adjacent to the flints, hollow 
casts of large sponge spicules may sometimes be observed, proving 
the fact, which is however unexplained, of the solution of the 
spicular silica. The formation of the flints appears to have taken 
place, to some extent at least, long after the death of the sponge, 
and even subsequent to the elevation of the chalk far above the 
sea-level, as is shown by the occurrence of layers of flints in the 
joints of the solid chalk . 1 

1 For further details see Sollas, “The Formation of Flints,” in The Ayt °f ^ 
Earth, 1905, p. 131. 
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The great division of the animal kingdom called Coelkn- 
iekata was constituted in 1847 by 11 . Leuckart for those 
animals which are commonly known as polyps and jelly-fishes. 
Aivier had previously included these forms in his division 
Ka cl lata or Zoophyta, when they were associated with the Stai- 
hslies. Brittle-stars, and the other Echinodermata. 

4 he splitting up of the Cuvierian division was rendered 

the e Fehinod y \ ° f auatoM disc overy, for whereas 

the Echinodermata possess an alimentary canal distinct from the 

other cavities of the body, in the polyps and jelly-fishes there is 

onlj one cavity to serve the purposes of digestion and the cir 

Ration of fluids. The name Coelentei 1 L TolZ 

evTepov = the alimentary canal) was therefore introduced and it 

maj be taken to Signify the important anatomical feature that 

the body-cavity (or coelom) and the cavity of the alimen v 

°" n mu r h - - 

M?nv P Eehmoderins and most other animals. 

" dii “ ^ <■» 

lines radiafintr ’ organs arianged symmetrically on 

superficial resemblance°to mmiyofthe Ec t,US respecfc thu )' hi »vea 

also radially symmetrical in ( Echinodermata, which are 

g* **«J . **■ * b, 

the Coelenterata md V T ■ i superficial resemblance of 

iterata and Echinodermata has no genetic significance. 
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The radial symmetry has been acquired in the two divisions 
along different lines of* descent, and has no further significance 
than the adaptation of different animals to somewhat similar 
conditions ot life. It is not only in the animals formerly 
classed by Cuvier as Radiata, but in sedentary worms, Polyzoa, 
Brachiopoda, and even Cephalopoda among the Mollusca, that we 
find a radial arrangement of some of the organs. It is interest- 
ing in this connexion to note that the word “polyp,” so frequently 
applied to the individual Coelenterate animal or zooid, was 
originally introduced on a fancied resemblance of a Hydra to a 
small Cuttle-fish ( Fr. Poulpe, Lat. Polypus). 

T he body of the Coelenttej^e, then, consists of a body- 
wall enclosing a single cavity (“ coelentferon ”). The body-wall 
consists of an inner and an outer layer of cells, originally called 
by Allman the “ endoderm ” and “ ectoderm ” respectively. 
Between the two layers there is a substance chemically allied 
to mucin and usually of a jelly-like consistency, for which the 
convenient term “mesogloea,” introduced by G. C. Bourne, is 
used (Fig. 

The mesogloea may be very thin and inconspicuous, as it is in 
Hydra and many other sedentary forms, or it may become very 
thick, as in the jelly-fishes and some of the sedentary Alcyonaria. 
When it is very thick it is penetrated by wandering isolated 
cells from the ectoderm or endoderm, by strings of cells or hy 
cell-lined canals ; but even when it is cellular it must not be 
confounded with the third germinal layer or mesoblast which 
characterises the higher groups of animals, from which it differs 


essentially in origin and other characters. The _Coelente rata are 
two-layered animals (J)iploblastica), in contrast to the Metazoa 
with three layers of cells (Triploblastica). The growth of the 
mesogloea in many Coelenterata leads to modifications of the 
shape of the coelenteric cavity in various directions. Ib ^he 
Anthozoa, for example, the growth of vertical bands of mesogloea 
covered by endoderm divides the peripheral parts of the cavity 
into a series of intermesenterial compartments in open corn 
munication with the axial part of the cavity ; and in the jell) 
fishes the growth of the mesogloea reduces the cavity of the 
outer regions of the disc to a series of vessel-like canals. 

/ Another character, of great importance, possessed by •* 
Ju oelenterata is the “ nematocyst ” or “thread-cell” (Fig* ^ 
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This is an organ produced within the body of a cell called 
the “ cnidoblast,” and it consists of a vesicular wall or capsule, 
surrounding a cavity filled with fluid containing a long and 
usually spirally coiled thread continuous with the wall of the 
vesicle. When the nematocyst is fully developed and receives 
a stimulus of a certain character, the thread is shot out with 
great velocity and causes a sting on any part of an animal that 
is sufficiently delicate to be wounded by it. 

The morphology and physiology of the nematocysts are 
subjects of very great difficulty and complication, and cannot be 
discussed in these pages. It may, however, be said that by 
some authorities the cnidoblast is supposed to be an extremely 
modified form of mucous or gland cell, and that the discharge of 
the nematocyst is subject to the control of a primitive nervous 
system that is continuous through the body of the zooid. 

There is a considerable range of structure in the nemato- 
cysts of the Coelenterata. In Alcyonium and in many other 
Alcyonaria they are very small (in Alcy- 
onium the nematocyst is 0 0075 mm. in (\ 

length previous to discharge), and when I / 

discharged exhibit a simple oval capsule J / f 

with a plain thread attached to it. In f / 

Hydra (Fig. 124) there are at least two 

kinds of nematocysts, and in the larger 

kind (0 0 2 mm. in length previous to dis- Uan ii l]) \ 

charge) the base of the thread is beset V^fjj i 

with a series of recurved hooks, which 

during the act of discharge probably assist 

in making a wound in the organism 1 f Mr 

attacked for the injection of the irritant 

fluid, and possibly hold the structure in Fig. 124 . — Nematocyst 
position while the thread is being dis- 

» , taii . . _ „ G enclosed within the cmdo- 

cnarged. In the large kind of nematocyst blast, cnc , Cnidocii ; 
of Millepora and of Cerianthus there is a ^ hread °, f ne T toc ?' st ; 

1 1 a . „ niyophan threads m 

Dcina ot spirally arrang6d but very minute cnidoblast ; N, nucleus 

thorns in the middle of the thread, but Schnddef)^' 
none at the base. In some of the Siphono- 

phora the undischarged nematocysts reach their maximum size, 
nearly 0 0 5 mm. in length. 

When a nematocyst has once been discharged it is usually 


□ 


CNC 


Mr 


Mr 


(Nem) of Hydra grisea, 
enclosed within the cnido- 
blast. CiVC, C11idoc.il ; 
f, thread of nematocyst ; 

myophan threads in 
cnidoblast ; A r , nucleus 
of cnidoblast. (After 
Schneider.) 
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rejected from the body, and its place in the tissue is taken by a 
new nematocyst formed by a new cnidoblast ; but in the thread 
ot the large kind ot nematocyst of Mill epora there is a very 
delicate band, which appears to be similar to the myophan 
thread in the stalk ot a Vorticella. Dr. Willey 1 has made the 
important observation that in this coral the nematocyst threads 
can he withdrawn after discharge, the retraction being effected 
with great rapidity. The “cnidoblast” is a specially modified 
cell. It sometimes bears at its free extremity a delicate process, 
the “ cnidocij,” which is supposed to be adapted to the reception 
ot the special stimuli that determine the discharge of the nema- 
tocyst. In many species delicate contractile fibres (Dig. 124, 
Mf) can lie seen in the substance of the cnidoblast, and in others 
its basal part is drawn out into a long and probably contractile 
stalk (“cnidopod”), attached to the mesogloea below. 

There can be little doubt that new nematocysts are constantly 
formed during life to replace those that have been discharged 
and lost. Each nematocyst is developed within the cell -sub- 
stance of a cnidoblast which is derived from the undifferentiated 
interstitial cell -groups. During this process the cnidoblast 
does not necessarily remain stationary, but may wander some 

considerable distance from its place of origin. 2 This habit of 

# 

migration of the cnidoblast renders it difficult to determine 
whether the ectoderm alone, or both ectoderm and endoderm, 
can give rise to nematocysts. In the majority of Coelenterates 
the nematocysts are confined to the ectoderm, but in many 
Anthozoa, Scyphozoa, and Siphonophora they are found in tissues 
that are certainly or probably endodermic in origin. Tt has not 
been definitely proved in any case that the cnidoblast cells that 
form these nematocysts have originally been formed in the 
endoderm, and it is possible that they are always derived from 

ectoderm cells which migrate into the endoderm. 

It is probably true that all Coelenterata have nematocysts, 
and that, in the few cases in which it has been stated that they 
are absent (e.g. Sarcophytum ,), they have been overlooked, ft 
cannot, however, be definitely stated that similar structures do 
not occur in other animals. The nematocysts of the Mollusc 
Aeolis are not the product of its own tissues, hut are introduced 


1 IVillsy' s Zool. Results, pt. ii. 1899, p. 127. 

2 Murbaeh, Archiv /. Naturg. lx. Bd. i. 1894, p. 217. 
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into the body with its food. 1 The nematocysts that occur in 
the Infusorian Epistybis umbellaria and in the Dinoflagellate 
Polykrikos (p. 131) require reinvestigation, but if it should 
prove that they are the product of the Protozoa they cannot be 
regarded as strictly homologous with those of Coelenterata. In 
many of the Turbellaria, however, and in some of the Nemertine 
worms, nematocysts occur in the epidermis which appear to be 
undoubtedly the products of these animals. 

The Coelenterata are divided into three classes : — 

1. Hydrozoa. — Without stomodaeum and mesenteries. Sexual 
cells discharged directly to the exterior. 

2. Scyphozoa. — AV ithout stomodaeum and mesenteries. Sexual 
cells discharged into the coelenteric cavity. 

3. Anthozoa = Actinozoa. — With stomodaeum and mesen- 
teries. Sexual cells discharged into the coelenteric cavity. 

1 lie full meaning of the brief statements concerning the 
structure of the three classes given above cannot be explained 
until the general anatomy of the classes has been described. It 
may be stated, however, in this place that many authors believe 
that structures corresponding with the stomodaeum and mes- 
enteries of Anthozoa do occur in the Scyphozoa, which they 
therefore include in the class Anthozoa. 

Among the more familiar animals included in the class 
Hydrozoa may be mentioned the fresh-water polyp Hydra, the 
Hydroid zoophytes, many of the smaller Medusae or jelly-fish, 
the Portuguese Man-of-war ( Physalia ), and a few of the corals. 

Included in the Scyphozoa are the large jelly-fish found boating 
on the sea or cast up on the beach on the British shores. 

The Anthozoa include the Sea-anemones, nearly all the Stony 
Corals, the Sea-fans, the Black Corals, the Head-mens fingers 
(Alcyonium), the Sea-pens, and the Precious Coral of commerce 


CLASS I. HYHKOZOA 

In this Class of Coelenterata two types of body-form may be 
ound. In such a genus as Obclia there is a fixed branching 
colony of zooids, and each zooid consists of a simple tubular body- 
wall composed of the two layers of cells, the ectoderm and the 

1 G. H. Grosvenor, Proc. Roy. Roc. lxxii. 1903, p. 462. 
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endoderm (Fig. 125), terminating distally in a conical mound — the 
“ hypos tome ” — which is perforated by the mouth and surrounded 
by a crown of tentacles. This fixed colony, the “ hydrosorae,” 
feeds and increases in size by gemmation, but does not produce 
sexual cells. The hydrosome produces at a certain season of the 
year a number of buds, which develop into small bell-like jelly- 
fish called the “ Medusae,” which swim away from the parent stock 
and produce the sexual cells. The Medusa (Fig. 1 26) consists of 
a delicate dome-shaped contractile bell, perforated by radial canals 
and fringed with tentacles ; and from its centre there depends, 
like the clapper of a bell, a tubular process, the manubrium, 
which bears the mouth at its extremity. This free-swimming 
sexual stage in the life-history of ObcJia is called the “medusome.” 

It is difficult to determine whether, in the evolution of the 
Hydrozoa, the hydrosome preceded the medusome or vice versd. 
By some authors the medusome is regarded as a specially modified 
sexual individual of the hydrosome colony. By others the 
medusome is regarded as the typical adult Hydrozoon form, and 
the zooids of the hydrosome as nutritive individuals arrested in 
their development to give support to it. Whatever may be the 
right interpretation of the facts, however, it is found that m 
some forms the medusome stage is more or less degenerate and 
the hydrosome is predominant, whereas in others the hydrosome 
is degenerate or inconspicuous and the medusome is predominant. 
Finally, in some cases there are no traces, even in development, 
of a medusome stage, and the life-history is completed in the 
hydrosome, while in others the hydrosome stages are lost and the 
life-history is completed in the medusome. 

If a conspicuous hydrosome stage is represented by H, a 
conspicuous medusome stage by M, an inconspicuous or degenerate 
hydrosome stage by A, an inconspicuous or degenerate medusome 
stage by m, and the fertilised ovum by O, the life-histories o 
the Hydrozoa may be represented by the following formulae 


1. 

0 - H - 0 

{Hydra) 

2. 

0 — H — m — 0 

(Sertularia) 

3. 

0 — H — M — 0 

(i Obelia ) 

4. 

O — 4 — M — 0 

( TAriope ) 

5. 

0 - M - 0 

( Geryonia ) 


The structure of the hydrosome is usually very simple 


It 
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consists of a branched tube opening by mouths at the ends of 
the branches and closed at the base. The body-wall is built 
up of ectoderm and endoderm. Between these layers there is 
a thin non-cellular lamella, the mesogloea. 

In a great many Hydrozoa the ectoderm secretes a chitinous 
protective tube called the “ perisarc.” The mouth is usually a 
small round aperture situated on the summit of the hypostome, 
and at the base of the hypostome there may be one or two 


crowns of tentacles or an area bearing 
irregularly scattered tentacles. The 
tentacles may be hollow, containing a 
cavity continuous with the coelenteric 
cavity of the body ; or solid, the endo- 
derm cells arranged in a single row 
forming an axial support for the ecto- 
derm. The ectoderm of the tentacles is 
provided with numerous nematocysts, 
usually arranged in groups or clusters 
on the distal two-thirds of their length, 
but sometimes confined to a cap -like 
swelling at the extremity (capitate ten- 
tacles). The hydrosome may be a single 
zooid producing others asexually by 
gemmation (or more rarely by fission), 
which become free from the parent, or 
it may be a colony of zooids in organic 
connexion with one another formed by 
the continuous gemmation of the original 
zooid derived from the fertilised ovum 



Fig. 125. — Diagram of a ver- 
tical section through a 
hydrosome. Cod , Coelen- 
teron ; Ect, ectoderm ; End, 
endoderm. Between the 
ectoderm and the endoderm 
there is a thin mesogloea 
not represented in the 
diagram. M, mouth; T, 


and its asexually produced offspring. lentacle - 
When the hydrosome is a colony of zooids, specialisation of 
certain individuals for particular functions may occur, and the 
colony becomes dimorphic or polymorphic. 

1 he medusome is more complicated in structure than the 
hydrosome, as it is adapted to the more varied conditions of a 
free-swimming existence. The body is expanded to form a disc, 
umbrella, or bell, which bears at the edge or margin a number 
of tentacles. The mouth is situated on the end of a hypostome, 
culled the “ manubrium,” situated in the centre of the radially 
mmetrical body. The surface that bears the manubrium is 
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Fin. 120. — Diagram of a vertical 
section through a medusome. 
mcl, ( oelenteron ; M, month ; 
Man , manubrium ; /£, radial 
canal ; r, ring or circular canal ; 
T, tentacle ; v. velum. 


called oral, and the opposite surface is called aboral. The cavity 
partly enclosed by the oral aspect of the body when it is cup- 
or bell-shaped is called the “ sub-umbrellar cavity.” 

In the medusome of nearly all Hydrozoa there is a narrow 
shelf projecting inwards from the margin of the disc and guard- 
ing the opening of the sub-umbrellar cavity, called the “velum.” 

The mouth leads through the manubrium into a flattened 
part of the coelenteric cavity, which is usually called the gastric 

cavity, and from this a number of 
canals pass radially through the meso- 
gloea to join a circular canal or ring- 
canal at the margin of the umbrella. 

A special and important feature ot 
the medusome is the presence of sense- 
organs called the “ ocelli ” and “ stato- 
cysts,” situated at the manpn of the 
umbrella or at the base of the 
tentacles. 

The ocelli may usually be recog- 
nised as opaque red or blue spots on 
the bases of the tentacles, in marked contrast to their trans- 
parent surroundings. The ocellus may consist simply of a 
cluster of pigmented cells, or may be further differentiated as a 
cup of pigmented cells filled with a spherical thickening of the 
cuticle to form a lens. The exact function of the ocelli may not 
be fully understood, but there can be little doubt that they are 
light -perceiving organs. 

The function of the sense-organs known as statocysts, how- 
ever, lias not yet been so satisfactorily determined. They were 
formerly thought to be auditory organs, and were calle 
“ otocysts,” but it appears now that it is impossible on physica 
grounds for these organs to be used for the perception o 
the waves of sound in water. It is more probable that they 
are organs of the static function, that is, the function of the pci 
oeption of the position of the body in space, and they are 
consequently called statocysts. In the Leptomedusae ea( 
statocyst consists of a small vesicle in the mesogloea at ^ 
margin of the umbrella, containing a hard, stony body &i j 
the “statolith.” In Geryonia and some other Trachomedusne t ie 
statolith is carried by a short tentacular process, the “ statorna >, 
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projecting into the vesicle ; in other Trachoinedusae, however, 
the vesicle is open, but forms a hood for the protection of the 
stator hub ; and in others, but especially in the younger stages of 
development, the statorhab is not sunk into the margin of the 
umbrella, and resembles a short hut loaded tentacle. Recent 
researches have shown that there is a complete series of connect- 
ing links between the vesiculate statocyst ot the lA*ptomedusae 
and the iiee tentaculate statorhab of the Trachoinedusae, and 
there can be little doubt of their general homology. 

In the free-swimming or “ Rhanerocodonic ” medusome the 
sexual cells are borne by the ectoderm of the sub-umbrellar 

cavity either on the walls of the manubrium or subjacent to 
the course of the radial canals. 


Order I. Eleutheroblastea. 

This order is constituted mainly for the well-known genus 
Hydra. By some authors Hydra is regarded as an aberrant 
member of the order Gymnoblastea, to which it is undoubtedly 
in many respects allied, but it presents so many features of 
special interest that it is better to keep it in a distinct group. 

Hydra is one of the few examples of exclusively fresh-water 
Coelenterates, and like so many of the smaller fresh-water 
animals its distribution is almost cosmopolitan. It occurs not 
only in Europe and North America, but in New Zealand 
Australia, tropical central Africa, and tropical central America. ’ 
Hydra is found in this country in clear, still fresh water 
attached to the stalks or leaves of weeds. When fully expanded 
it may be 25 mm. in length, but when completely retracted the 
same individual may be not more than 3 mm. long. The tubular 
oly-waH is budt up of ectoderm and endoderm, enclosing a 
^ “Hdiv! ed coden.ric cavity. The mouth is situated on 

E ere is ?? and at the base of this 

there is a crown of long, delicate, but hollow tentacles The 

I “dl Tn 1 n T Uy “ «■ »■ * 

md eight in II. nr id is, but it is variable in all species. ' 
vidu ds "i!f k 6 f reaLer of the summer the number of indi- 

11 1,y ™ »»«")■ detahod from their 

II. Jung, Murjj/i. Jahrl. viii. 1881, j». 
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before they themselves produce buds, but in H. oligactis the 
buds often remain attached to the parent after they themselves 
have formed buds, and thus a small colony is produced. Sexual 
reproduction usually commences in this country in the summer 
and autumn, but as the statements of trustworthy authors are 
conflicting, it is probable that the time of appearance of the 
sexual organs varies according to the conditions of the environ- 


ment. 

Individual specimens may be male, female, or hermaphrodite. 
N ussbaum 1 has published the interesting observation that when 
the Hydras have been well fed the majority become female, 
when the food supply has been greatly restricted the majority 
become male, and when the food-supply is moderate in amount 
the majority become hermaphrodite. The gonads are simply 
clusters of sexual cells situated in the ectoderm. There is no 
evidence, derived from either their structure or their development, 
to show that they repres( nt reduced medusiform gonophores. 
The testis produces a number of minute spermatozoa. In the 
ovary, however, only one large yolk -laden egg-cell reaches 
maturity by the absorption of the other eggs. The ovum is 
fertilised while still within the gonad, and undergoes the early 
stages of its development in that position. With the differentia- 
tion of an outer layer of cells a chitinous protecting membrane 
is formed, and the escape from the parent takes place.- It seems 
probable that at this stage, namely, that of a protected embryo, 
there is often a prolonged period of rest, during which it may 
be carried by wind and other agencies for long distances without 
injury. 

The remarkable power that Hydra possesses of recovery from 
injury and of regenerating lost parts was first pointed out by 
Trembley in his classical memoir . 3 

A Hydra can be cut into a considerable number of pieces, 
and each piece, provided both ectoderm and endoderm arc re 
jjresented in it, will give rise by growth and regeneration to a 
complete zooid. There is, however, a limit of size below whic i 
fragments of Hydra will not regenerate, even if they contain 


1 Verh. Ver. Rheinland , xlix. 1893, pp. 13, 14, 40, 41. ^ 

2 For an account of the development and of the chitinous membrane s< «- 

Brauer, Zeilsehr. f. t oiss. Zool. lii. 1891, p. 9. t . e 

3 Trembley, Memoir cs 'pour servir d V Uistoirt d*un genre dt Polypes d eau ' ° 
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cells of both layers. The statement made by Trombley, that 
when a Hydra is turned inside out it will continue to live in 
the introverted condition lias not been confirmed, and it seems 
probable that after the experiment lias been made the polyp 
remains in a paralysed condition for some time, and later reverts, 
somewhat suddenly, to the normal condition by a reversal of the 
process. There is certainly no substantial reason to believe that 
under any circumstances the ectoderm can undertake the function 
of the endoderm or the endoderm the functions of the ectoderm. 

One of the characteristic features of Hydra is the slightly 
expanded, disc-shaped aboral extremity usually called the “ foot,” 
an unfortunate term for which the word “ sucker ” should be sub- 
stituted. There are no root-like tendrils or processes for attach- 

. 127. — A series of drawings 
of Hydra , showing the atti- 
tudes it assumes during one 
of the more rapid movements 
from place to place. 1, The 
Hydra bending over to one 
side ; 2, attaching itself to 
the support by the mouth 
and tentacles ; 3, drawing 

the sucker up to the mouth ; 
4, inverted ; 5, refixing the 
sucker ; 6, reassuming the 
erect posture. (Alter Trem- 
bley.) 

ment to the support such as are found in most of the solitary 
Gymnoblastea. The attachment of the body to the stem or weed 
or surface- film by this sucker enables the animal to change its 
position at will. It may either progress slowly by gliding °along 
its support without the assistance of the tentacles, in a manner 
similar to that observed in many Sea-anemones ; or more rapidly 
by a series of somersaults, as originally described by Trembley. 
The latter mode of locomotion has been recently described as 
follows : “ The body, expanded and with expanded tentacles, bends 

over to one side. As soon as the tentacles touch the bottom 
they attach themselves and contract. Now one of two things 
happens. The foot may loosen its hold on the bottom and the 
body contract. In this manner the animal comes to stand on its 
tentacles with the foot pointing upward. The body now bends 
over again until the foot attaches itself close to the attached 
tentacles. These loosen in their turn, and so the Hydra is again 
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in its normal position. In the other case the foot is not detached, 
hut glides along the support until it stands close to the tentacles, 
which now loosen their hold.” 1 

Hydra appears to he purely carnivorous. It will seize and 
swallow Kntomostraca of relatively great size, so that the body- 
wall bulges to more than twice its normal diameter. But smaller 
Crustacea, Annelid worms, and pieces of flesh are readily seized 
and swallowed by a hungry Hydra. In H. viridis the chlorophyll 
corpuscles 2 of the endoderm may possibly assist in the nourish- 
ment of the body by the formation of starch in direct sunlight. 

Three species of Hydra are usually recognised, but others 
which may be merely local varieties or are comparatively rare 
have been named . 3 


//. viridis. — Colour, grass -green. Average number of 
tentacles, eight. Tentacles shorter than the body. Embryonic 
chitinous membrane spherical and almost smooth. 

H. vulgaris , Pallas ( H \ g rise, a, Linn.). — Colour, orange-brown. 
Tentacles rather longer than the body, average number, six. 
Embryonic chitinous membrane spherical, and covered with 
numerous pointed branched spines. 

H. oligactis , Pallas ( H . fusca, Linn.). — Colour, brown. 
Tentacles capable of great extension ; sometimes, when lolly 
expanded, several times the length of the body. Average 
number, six. Embryonic chitinous membrane plano-convex, its 
convex side only covered with spines. 

The genera Microhydra (Ryder) and Protohydra (Greet!) are 
probably allied to Hydra , but as their sexual organs have not 
been observed their real affinities are not yet determined. 
Microhydra resembles Hydra, in its general form and habits, and 
in its method of reproduction by gemmation, but it has no 
tentacles. It was found in fresh water in North America. 

Protohydra 4 was found in the oyster-beds off Ostend, an 
resembles Microliydra in the absencj of tentacles. It multiple* 
by transverse fission, but neither gemmation nor sexual iepro 
duction has been observed. 

0 

Haleremita is a minute hydriform zooid which is also manne. 

1 G. Wagner, Quart. Journ. Micr. Sci. xlviii. 1905, p. 589. ' See !’• 

3 Hydra pallida , Bear Isley, lias been found to be very destructive to the ry ° 

the Black-spotted Trout in Colorado, U.S. Fish. Hep. Bull. 1902, p. 158. „ 

4 For figures of Protohydra see Chun, Bronn’s Thier-JUifh, “Coe lententa, 
1894, Bd. ii. pi. ii. 
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It was found by Schaudinn 1 in the marine aquarium at Berlin in 
water from Rovigno, on the Adriatic. It reproduces by gemma- 
tion, but sexual organs have not been found. 

Another very remarkable genus usually associated with the 
Eleutheroblastea is Polypodium . At one stage of its life-history 
it has the form of a spiral ribbon or stolon which is parasitic on 
the eggs of the sturgeon ( Acipenser ruthenus') in the river Volga. 2 
This stolon gives rise to a number of small Hydra-like, zooids 
with twenty tentacles, of which sixteen are filamentous and eight 
club-shaped. These zooids multiply by longitudinal fission, and 
leed independently on Infusoria, Rotifers, and other minute 
organisms. The stages between these hydriform individuals and 
the parasitic stolon have not been discovered. 


Order II. Milleporina.^. 


Millepora was formerly united with the Stylasterina to form 
the order Hydrocorallina ; but the increase of our knowledge of 
these Hydroid corals tends rather to emphasise than to minimise 
the distinction of Millepora from the Stylasterina. 

Millepora resembles the Stylasterina in the production of a 
massive calcareous skeleton and in the dimorphism of the zooids, 
but in the characters of the sexual reproduction and in many 
minor anatomical and histological peculiarities it is distinct. As 
there is only 'one genus, Millepora , the account of its anatomy 
will serve as a description of the order. 

(The skeleton (Fig. 128) consists of large lobate, plicate, 
ramified, or encrusting masses of calcium cjirbonate, reaching 
a size of one or two or more feet in height' and breadth.) The 
surface is perforated by numerous pores of two distinct sizes ; the 
larger “ gastropores ” are about 0*25 mm. in diameter, and the 
smaller and more numerous “ dactylopores ” about 0*15 mm. in 
diameter. In many specimens the pores are arranged in definite 
cycles, each gastropore being surrounded by a circle of 5-7 

dactylopores ; but more generally the two kinds appear to be 
irregularly scattered on the surface. 


When a branch or lobe of a Millepore is broken across and 
examined in section, it is found that each pore is continued as a 


1 Sitzber. Ges. naturf. Frcundc Berlin , ix. 
2 M. Ussov, Morph. Jahrb. xi . 1SS7, 


1894, p. 226. 
p. 137. 
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vortical tube divided into sections by horizontal calcareous plates 
(Fig. 129, Tab). These plates are the “tabulae,” and constitute 

\ O 7 ' L , 1 

the character upon which Millepora was formerly placed in the 
now discarded group of Tabulate corals. 

The coral skeleton is also perforated by a very fine reticulum 
of canals, by which the pore-tubes are brought into coinmunica- 



Fio. 128.— A portion of a dried colony oi Millepora, -bowing the the 

pores) surrounded by cycles of smaller pores (dactylopores). 

cycles are not well defined. ^ j 

tion with one another. In the axis of the laiger brand 
in the centre of the larger plates a considerable quantity o ^ 
skeleton is of an irregular spongy character, caiiscc >y 
disintegrating influence of a boring filamentous Alga. 

The discovery that Millepora belongs to the Hy 
made by Agassiz 1 2 in 1859, but Moseley 3 was the first u> n 

1 This organism is usually described as a fungus ( Aehlya ), hut it T 1 ^ 
green Alga. »Sce «J. E. Duerdcn, /lull, Attict . Mus. 2S/ul. Hist. X'i> 

2 Bill, f’nic. de Qcnive, Arch, dcs Sciences, v. 1859, p. 80. 

3 Phil. Tran*, cxlvii. 1876, p. 117. 
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an adequate account of the general anatomy. The colony 
consists of two kinds of zooids — the short, thick gastrozooids (Fig. 

O v o 

129 , (t ) provided with a mouth and digestive endodenn, and 
the longer and more slender mouthless dactylozooids (Z>) — united 
together by a network of canals running in the porous channels 
of the superficial layer of the coralline. The living tissues of 
the zooids extend down the pore-tubes as far as the first tabulae, 
and below this level the canal-system is degenerate and function- 
less. It is only a very thin superficial stratum of the coral, 
therefore, that contains living tissues. 

The zooids of MU lepora are very contractile, and can he with- 
drawn below the general surface of the coral into the shelter of 
the pore-tubes. When a specimen is examined in its natural 
position on the reef, the zooids are usually found to be thus con- 
tracted ; but several observers have seen the zooids expanded in 
the living condition. It is probable that, as is the case with 
other corals, the expansion occurs principally during the night. 

1 he colony is provided with two kinds of nematocysts — the 
small kind and the large. In some colonies they are powerful 
enough to penetrate the human skin, and Millepora has there- 
fore received locally the name of “ stinging coral.” On each of 
the dactylozooids there are six or seven short capitate tentacles 
( lg. 129, t), each head being packed with nematocysts of the small 
and; similar batteries of these nematocysts are found in the 
tour short capitate tentacles of the gastrozooids. The nemato- 
cysts of the larger kind are found in the superficial ectoderm 
some distributed irregularly on the surface, others in clusters 
round the pores. The small nematocysts are about 0 013 mm 
m length before they are exploded, and exhibit four spines at 

0 00x^0- Cad; th , e krge kh,d are ° val in outline, 

0 02 x 0 02o mm. ,n size, and exhibit no spines at the base but 

spnal band of minute spines in the middle of the filament 

rhe e is some reason to believe that the filament of the lai-e 
kind of nematocysts can be retracted. 1 

At certain «=a«on» the colonies of Milltpom produce a mat 
number of male or female Medusae. The ge£us is probS 

found. Each Medusa is forZl ' havin * ? et beeu 

last-formprl t'.Vni. * in <l situated above the 

> a in a pore-tube, and this cavity, the “ ampulla,” 

S. J. Hickson, Willey’s / jU0 j j> esu / tSi j, t jj 1^99^ ^ j 2 7 . 
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having a greater diameter than that of the 


eastrozooid tubes, can 

O 9 



BSf 
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be recognised even in 
frequently the sexual 


the dried skeleton. It is not known how 
seasons occur, but from the rarity in t ie 
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collections of our museums of Millepore skeletons which exhibit 
the ampullae, it may be inferred that the intervals between 
successive seasons are of considerable duration. 

■The Medusae ot Mill ej) or a are extremely simple in character. 

There is a short mouthless manubrium bearing the sexual cells, 

an umbrella without radial canals, while four or five knobs at the 

margin, each supporting a battery of nematocysts, represent all that 

there is of the marginal tentacles. The male Medusae have not 

yet been observed to escape from the parent, but from the fact 

that the spermatozoa are not ripe while they are in the ampullae, 

it may be assumed that the Medusae are set free. Duerden, 

however, has observed the escape of the female Medusae, and 

it seems probable from his observations that their independent 

life is a short one, the ova being discharged very soon after 
liberation. 

C* j\fillepova appears to he essentially a shallow-water reef co^a 
It may be found on the cora l reefs of the Western Atlantic ex- 
tending as far north as Bermuda, in the Bed Sea, the Indian and 
Pacific Oceans. The greatest depth at which it has hitherto been 
found is 15 fathoms on the Macclesfield Bank, and it flourishes 
at a depth of 7 fathoms off Funafuti in the Pacific Ocean. ^ 

Millepora , like many other corals, bears in its canals and 
zooids a great number of the symbiotic unicellular “Algae ” 
(Chrysomonadaceae, see pp. 86, 125) known as Zooxanthellae. 
All specimens that have been examined contain these organisms 
in abundance, and it has been suggested that the coral is^lar^ely 
dependent upon the activity of the “Algae” for its supply of 
nourishment. There can be no doubt that the dactylozooids do 
paralyse and catch living animals, which are ingested and digested 
by the gastrozooids, hut this normal food-supply may require to 
he supplemented by the carbohydrates formed by the plant-cells 
But as the carbohydrates can only be formed by the “ Ahme ” in 

cor I: !!’ Tv SU ? Pl 7?r tary f00d - su PPly only be provided in 

; 7 111 Bhall 7 water - must not be supposed that 

Ins w the only cause that limits the distribution of Millepora 
1,1 depth, but it may be an important one. 

fossfh 7" 6ne r H- 1, lme miep0ra has been applied to a great many 
fo®d8 from different strata, but a critical examination of their 

stn eture tails to show any suflicient reason for including many 

them 1.1 the genus or even in the order. Fossils that are 
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undoubtedly Millepora- occur in the raised conil reefs of relatively 
recent date, but do not extend back into Tertiary times. There 

%J 

seems to be no doubt, therefore, that the genus is of comparatively 
recent origin. Among the extinct fossils the genus that comes 
nearest to it is Axopora from the Eocene of France, hut this genus 
differs from Millepora in having monomorphic, not dimorphic, 
pores, and in the presence of a minute spine or columella in the 
centre of each tube. The resemblances are to be observed in the 
general disposition of the canal system and of the tabulation. 
Whether Axopora is or is not a true Milleporine, however, cannot 
at present be determined, but it is the only extinct coral that 
merits consideration in this place. 


Order III. Gymnoblastea — Anthomedusae. 

9 • 

This order was formerly united with the Calvptohlastea to form 
the order Hydromedusae, but the differences between the two are 
sufficiently pronounced to merit their treatment as distinct orde rs. 

Tn many of the Gymnoblastea the sexual cells are borne by 
free Medusae, which may be recognised as the Medusae of 
Gymnoblastea by the possession of certain distinct characters. 
The name given to such Medusae, whether their hydrosomc stage 
is known or not, is Ant 1 10 medusae. The Gymnoblastea are 

9 V 

solitary or colonial Hydrozoa, in which the free (oral) extremity 
of the zooids, including the crown of tentacles, is not protected 
by a skeletal cup. The sexual cells may be borne by free 
Anthomedusae, or by more or less degenerate Anthomedusae 

^ ^ MM 

that are never detached from the parent hydrosomc. ine 
Anthomedusae are small or minute Medusae provided with a 
velum, with the ovaries or sperm-sacs borne by the manubrium 
and with sense-organs in the form of ocelli or pigment-spots 
situated on the margin of the umbrella. 

The solitary Gymnoblastea present so many important diflei- 
enccs in anatomical structure that they cannot he united in a 
single family. They are usually fixed to some solid object by 
root-like processes from the aboral extremity, the “ hydrorluza, 
or are partly embedded in the sand (Corymorphu), into which 
long filamentous processes project for the support of f lic zooid. 
The remarkable species Hypolytus jtereymivs' from Woods Hell, 

1 Quart. Journ. Mur. Sri. .\Iii. 1899, ]». 341. 
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however, has no aboral processes, and appears to lie only 
temporarily attached to foreign objects by the secretion of the 
perisarc. Among the solitary Gymnoblastea several species 
reach a gigantic size. Cory morph a is 50-75 mm. in length, but 
Monocaulus from deep water in the Pacific and Atlantic ^Oceans 
is nearly 8 feet in length. Among the solitary forms atten- 
tion must be called to the interesting pelagic Pelaqolnidra 
(see p. 274). ' 

The method of colony formation in the Gymnoblastea is very 
varied. In some cases {Clara aqua mala ) a number of zooids 
arise from a plexus of canals which corresponds with the system 
of root-like processes of the solitary forms. In Hydravtima this 
p exus is very dense, and the ectoderm forms a continuous sheet 
of tissue both above and below. The colony is increased in size 
in these cases by the gemmation of zooids from the hvdrorhiza. 
n other forms, such as Tubular ia larynx, new zooids arise not 

only from the canals of the hvdrorhiza, but also from the body- 

walls of the upstanding zooids, and thus a bushy or shrubby 
colony is formed. 

In another group the first-formed zooid produces a hvdrorhiza 
Of considerable proportions, which fixes the colony firmly to a 
stone or shell and increases in size with the growth of the colony. 

• n . , ^ ^ O rOVV th in length forms the 

s of the colony, and by gemmation gives rise to lateral zooids 
which m their turn grow to form the lateral branches and give 
rise to the secondary branches, and these to the tertiary brandies 
and so one ; each branch terminating in a mouth, hypostome and 
crown of tentacles. Such a method of colony formation is seen 

Z^ T ! ia (F,g ‘ 130) - A Sti11 lllore complicated form of 
colony formation is seen in Cera tell a, in which not a single but a 

considerable number of zooids form the axis of the colony and of 
branches As each axis is covered with a continuous coat of 

tmted'Tube Ui Tf ° f ^ ™ ^ Secretes a chitinous fenes- 
tratea tube, the whole colony is far nmro • i , 

'f . x* 
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form a cup-like receptacle in which the oral extremity of the 
zooid can be retracted for protection. 

The zooids of the Gymnoblastea present considerable diversity 
of form and structure. The tentacles may be reduced to one (in 
Monohrachium) or two (in Lar soli ell arum), but usually the 
number is variable in each individual colony. In many cases, 
such as Cordylophora, Clava , and many others, the tentacles are 
irregularly scattered on the sides of tire zooids. In others 



there may he a single 
circlet of about ten or 
twelve tentacles round 
the base of the hypo- 
stome. In some genera 
the tentacles are 
arranged in two series 
( Tubularia , Cory- 
morpha, Monocaulus), a 
distal series round the 
margin of the mouth 
which may be arranged 


in a single circlet or 
scattered irregularly on 


the hyposome, and a 
proximal series arranged 


in a single circlet some 
little distance from the 


Flo. 130. — Diagrammatic sketch to show the method 
of branching of linvgainvillia. gon, Gonophores ; 
J/r, hydrorhiza ; t.z, terminal zooid. 


mouth. In Branchio - 
cerianth'us imperator the 
number of tentacles is 


very great, each of the two circlets consisting of about two 


hundred tentacles. 

The zooids of the hydrosome are usually monomorphic, but 
there are cases in which different forms of zooid occur in the 


same colony. In Hydractinia , for example, no less than foui 
different kinds of zooids have been described. These are caller 
gastrozooids, dactylozooids, tentaculozooids, and blastostyles 
respectively. The “gastrozooids” are provided with a conica 
hypostome bearing the mouth and two closely-set circlets o 
some ten to thirty tentacles. The “ dactylozooids ” are longer 
than the gastrozooids and have the habit of actively coiling and 
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uncoiling themselves; they have a small mouth and a single 
circlet of rudimentary tentacles. The " tentaculozooids ” are 
situated at the outskirts of the colony, and are very long 
and slender, with rudimentary tentacles and no mouth. The 
“ blastostyles,” usually shorter than the gastrozooids, have two 
circlets of rudimentary tentacles and a mouth. They bear on 
their sides the spherical or oval gonophores. 

usome stage in the life-history of these Hydrozoa is 
produced by gemmation from the hydrosome, or, in some eases, 
by gemmation from the medusome as well as from the hydro- 
some. In many genera and species the medusome is set free as 
a minute jelly-fish or Medusa, which grows and develops as an 
independent organism until the time when the sexual cells are 
ripe, and then apparently it dies. In other Gymnoblastea the 
medusome either in the female or the male or in both sexes does 
not become detached from the parent hydrosome, but bears the 
ripe sexual cells, discharges them into the water, and degenerates 
without leading an independent life at all. In these cases the 
principal organs of the medusome are almost or entirely function- 
less, and they exhibit more or less imperfect development or 
they may be so rudimentary that the medusoid characters are no 
longer obvious. Both the free and the undetached medusomes 
are gonophores, that is to say, the bearers of the sexual cells but 
the former were described by Allman as the “ phanerocodonic ” 
gonophores, z.e. “ with manifest bells,” and the latter as the 
adelocodomc gonophores. The gonophores may arise either 
from an ordmary zooid of the colony (Syncoryne), from a specially 
modified zooid— -the blastostyle— as in Hydractinia, or from the 
hydrorhiza as in certain species of Perigonimm. The free 
swimming Medusa may itself produce Medusae by gemmation 
rom the manubrium (Sarsia, Lizzia, Rathkea, and others) from * 
he base of the tentacles (&».«, Corymorpha, Hybocodon) Z 
from the margin of the umbrella (. Eleutheria ) 

itrrr ,nd rm,r * «■»* -"“'-I: 

hi "rr-V'r- ,ni1 * tubui " 

mouth depending from the exact centre of the under (oral) 
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side of the umbrella (Fig. 132, A). The mouth leads into a 
shallow digestive cavity, from which radial canals pass through 
the substance of the umbrella to join a ring-canal at the margin 
(Fig. 131). 

The sense-organs of the Medusae of the Gymnoblastea are in 
the form of pigment-spots or very simple eyes (ocelli), situated 
at the bases of the tentacles. The orifice of the umbrella is 

guarded by a thin shelf or mem- 
brane, as in the Calyptoblastea, 
called the velum. The sexual cells 
are borne by the manubrium (Figs. 
131 and 132, A). 

There are many modifications 
observed in the different genera 
as regards the number of tentacles, 
the number and character of the 
radial canals, the minute structure 
of the sense-organs, and some other 
characters, but they agree in having 
a velum, ocellar sense-organs, and 
manubrial sexual organs. The 
tentacles are rudimentary in Amal - 
then ; in Corymorpha there is only 
one tentacle ; in Perigonimvs there 
are two ; and in BougainviMn they 
are numerous; but the usual number 

is four or six. The radial canals 

• * 

are usually simple and four in number, but there are six m 
Lar snbellarum , which branch twice or three times before reach- 
ing the margin of the umbrella (Fig. 132, B). 

There can be no doubt that the Medusae of many Gymno- 
blastea undergo several important changes in their anatomical 
features during the period of the ripening of the sexual cells. 
Thus in Lar sabellaruvi the six radial canals are simple in the 
first stage of development (A) ; but in the second stage (i>) 
each radial canal bifurcates before reaching the margin, and in 
the adult stage shows a double bifurcation. The life -history 
has, however, been worked out in very few of the Antho- 
medusae, and there can be little doubt that as our knowledge 
grows several forms which are now known as distinct species 



Flo. 131. — Medusa of Cladonema , from 

the Bahamas, showing peculiar ten- 
tacular processes on the tentacles, 
the ocelli at the base of the ten- 
tacles, the swellings on the manu- 
brium that mark the position of 
the gonads, ami the radial and ring- 
canals of the umbrella. (After 
Perkins.) 
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will lie found to lie different stages of growth of the same 
species. 

1 ho movements of the Medusae are well described hv Allman 1 
in his account of ChnUniema rwliiUnm : — “ It is impossible to 
grow tired of watching this beautiful medusa; sometimes while 
dashing through the water with vigorous diastole and systole, it 
will all at once attach its grapples to the side of the vessel, and 
become suddenly arrested in its career, and then after a period of 
repose, during which its branched tentacles are thrown back over 
tts umbrella and extended into long filaments which Hoat like 



canals cadi with two lateral branches* Tl,. i , ,, \ mcl,es ; tl,,r ' 1 stape with six 

inaimhriiim in A. (After Browne.) ‘ t ‘ w ' Io,,,n 8 o OI ‘^s may he seen on the 

M 


80,11(5 niicToscoj)ic sea-weed in tlio V vot«,. n -n 

... . 1 . 111 l,ie "‘iter, it will once more free 

it.se It fiom its moorings and start niv uin i 

'|m w1 u 1 f (l sl,lU 0,1 with renewed energy *’ 

* lie .Medusa ot Chiiuitclla “ in -‘t L . , ^ * 

liresonm , 1 , ’ movemeuts and mode of life 

Hydm/oa The , niwhisitorn. zooid of other 

tbVough the water £ tf* f"’ 

rsr rr ; r ** 

branches of the weed I,,’ 1 1 ‘1 ’ ‘ Um0 "" st t,1L> 

w tJ: „ ^ « «• «*•— » 

' ‘ ^ tstIt nu ‘ llos ot its suckers; and 

I'Yinno’iiastir Hv.lrohh , - Sorf< . f , f ]S71> p 
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thus it remains, the capitate arms standing out rigidly, like the 
rays of a starfish, until the embryos are ready to escape.” 1 

Among the Gymnoblastea there are many examples of a 
curious association of the Hydroid with some other living animals. 
Thus Hydractinia is very often found on the shells carried by 
living Hermit crabs, JDicoryne on the shells of various Molluscs, 
'Tubular ia has been found on a Cephalopod, and Ectopleura (a 
Cory morph id) on the carapace of a crab. There is but little 
evidence, however, that in these cases the association is anything 
more than accidental. The occurrence of the curious species, Lor 
sahel lav um , on the tubes of Sahel la, of Campaniclava cleodorae 
on the living shells of the pelagic Mollusc Cleodora cuspidata , 
and of a Goryonia on the tubes ot Tulndaria parasitica,, appear 
to be cases in which there is come mutual relationship between 
the two comrades. The genus Stylactis, however, affords some of 
the most interesting examples of mutualism. Thus Stylactis 
vermicola is found only on the back of an Aphrodite that lives 
at the great depth of 2900 fathoms. S. spongicola and S. 
abyssicola are found associated with certain deep-sea Horny 
Sponges. S. minoi is spread over the skin of the little rock 
perch Minous inermis, which is found at depths of from 4o to 

150 fathoms in the Indian seas. 

In many cases it is difficult to understand what is the ad- 
vantage of the Hydroid to the animal that carries it, but in this 
last case Alcock 2 3 suggests that the Stylactis assists in giving the 
fish a deceitful resemblance to the incrusted rocks of its environ- 
ment, in order to allure, or at any rate not to scare, its pmy. 
Whether this is the real explanation or not, the fact that in t ie 
Bay of Bengal and in the Laccadive and Malabar seas the fis i is 
never found without this Hydroid, nor the Hydroid without tins 
species of fish, suggests very strongly that there is a mu 

advantage in the association. » , 

Cases of undoubted parasitism are very rare in this order. 

The remarkable form HydricJUhys mims? supposed to be a 

Gymnoblastic Hydroid, but of very uncertain position in ^ 

system, appears to be somewhat modified in its structure 

its parasitic habits on the fish Seriola zouata. Coiy en 

1 Hi neks, British Hydroid Zoophytes , 1868, [>• 74. 

2 Ann. May. Nat. Hist. (6) x. 1892, p. 207. 

3 Fevvkes, Bull. Mux. Comp. Zool. xiii. 1887, p. 224. 
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parasilicum is said to be a parasite living at the expense of 
Eudendrium racemosum. Mnestra is a little Medusa which 
attaches itself hy its manubrium to the Mollusc Phyllirhoe, and 
may possibly feed upon the skin or secretions of its host. 

Nearly all the species of the order are found in shallow sea 
water. Stylactis vermicola and the “ Challenger ” specimen of Monu- 
caulus imperutor occur at a depth of 2900 fathoms, and some 
species of the genera Eudendrium and Myriothela descend in 
some localities to a depth of a few hundred fathoms. Curdylo- 
phora is the only genus known to occur in fresh water. From 
its habit of attaching itself to wooden piers and probably to 
the bottom of barges, and from its occurrence in navigable rivers 
and canals, it has been suggested that Cordylophora is hut a 
recent immigrant into our fresh- water system. It has been 
found in England in the Victoria docks of London, in the Norfolk 
Broads, and in the Bridgewater Canal. It has ascended the 
Seine in France, and may now he found in the ponds of the 

Jardin des Plantes at Paris. It also occurs in the Elbe and 
in some of the rivers of Denmark. 


The classification of the Gymnoblastea is not yet on a satis- 
factory basis. At present the hydrosome stage of some genera 
alone has been described, of others the free-swimming Medusa 
only is known. Until the full life-history of any one genus has 
been ascertained its position in the families mentioned below may 
he regarded as only provisional. The principal families are — 
Fam. Bougainvilliidae. — The zooids of the hydrosome have a 
single circlet of filiform tentacles at the base of the hypostome 
In Bougainvillia belonging to this family the gonophores are 
liberated 111 the form of free-swimming Medusae formerly known 
by the generic name Hippocrene. In the fully grown Medusa 
here are numerous tentacles arranged in clusters opposite the 
.terminations of the four radial canals. There are usually in 
addition tentacular processes (labial tentacles) on the lips of 
ie manubrium. Bougainvillia is a common British zoophyte 
iranching habit found in shallow water all round the Lit 

little' med S ° me i T”""" is sai(1 to he the common 

has a wide geographical distribution. Other genera are Peri- 

g nimus, which has a Medusa with only two tentacles ; and 

1 Hartlaub, lt'iss. Meeremnt. deulsch. Metre in Kiel N.F.I. 1891. p. 1. 
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Dicoryne , which forms spreading colonies on Gasleropod shells 
and has free gonophores provided with two simple tentacles, 
while the other organs of the medusome are remarkably degenerate. 
In Gan; pi a and Eudcndrimn the gonophores are adelocodon ic, in 
the former genus arising from the body-wall of the axial zooids 
of the colony, and in the latter from the hydrorhiza. Stylactis is 
sometimes epizoic (p. 268). Among the genera that are usually 
placed in this family, of which the medusome stage only is 
known, are Lizzia (a very common British Medusa) and Rath ken. 
In Margrloysis the hydrosome stage consists of a single free- 
swimming zooid which produces Medusae by gemmation. 

Fam. Podocorynidae. — The zooids have the same general 
features as those of the Bougainvilliidae, but the peri sure does 
not extend bevond the hydrorhiza. 

%j «/ 

In Podocorync and Hydractinia belonging to this family the 
hydrorhiza forms an encrusting stolon which is usually found on 
Gasteropod shells containing a living Hermit crab. In Podo- 
coryne the gonophores are free-swimming Medusae with a short 
manubrium provided with labial tentacles. Hydractnua differs 
from Podocoryne in having polymorphic zooids and adelocodonic 
gonophores. 

A fossil encrusting a Nassa shell from the Pliocene deposit of 
Italy lias been placed in the genus Hydractinia, and four species 
of the same genus have been described from the Miocene and 
Upper Greensand deposits of this country. 1 These are the only 
fossils known at present that can he regarded as Gymnoblastic 

Hydro ids. 

The Medusa r fh a mno stylus, which has only two marginal ten- 
tacles and four very long and profusely ramified labial tentacles, 
is placed in this family. Its hydrosome stage is not known. 

Fam. Clavatellidae. — This family contains the genus Clara- 
tella , in which the zooids of the hydrosome have a single C,1C ^' 
of capitate tentacles. The gonophore is a free Medusa piovi e 

with six bifurcated capitate tentacles. 

Fam. Cladonemidae. — This family contains the genus Clwo- 

nema, in which the zooids have two circlets of four tentacles, the 
labial tentacles being capitate and the aboral filifoim. 
gonophore is a free Medusa with eight tentacles, each proihr 
witli a number of curious capitate tentacular processes (hig* ' 

1 Carter, Ann. May. Nat. Uist. (4) xix. 1877, p. 44 ; (6) i. 1878, p. 298. 
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Fam. Tubulariidae. This important and cosmopolitan family 
is represented in the British seas by several common species. 
The zooids of the hydrosome of Tubularia have two circlets of 
numerous filiform tentacles. The gonophores are adelocodonic, 
and are situated on long peduncles attached to the zooid on the 
uPPer side of the aboral circlet of tentacles. The larva escapes 
from the gonophore and acquires two tentacles, with which it 
beats the water and, assisted by the cilia, keeps itself afloat for 
some time. In this stage it is known as an “Actinula .” 1 

Fam. Ceratellidae. — The colony of Cemtella may be five 
inches in height. The stem and main branches are substantial 



Fm. m.-C'ral'Ua/usca. About nut. size. (After Baldwin Spencer.*) 

and consist of a network nf 

supported tv „ tWl/ Jr bmnL-hln g anastomosing tubes 
supported by a th.ck and fenestrated ebitinous perisatc. The 

1 T1 ‘ e “ b <,K 262) belong to this family. 

Sltnccr, Trans. Ji uy . Sue _ y kt 1892 _ 8 
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whole branch is enclosed in a common layer of ectoderm. The 
zooids have scattered capitate tentacles. The Ceratellidae occur 
in shallow water off the coast of New South Wales, extend up 
the coast of East Africa as far as Zanzibar, and have also been 
described from Japan. 

Fam. Pennariidae. — In the hydrosome stage the zooids have 
numerous oral capitate tentacles scattered on the hypostome, and 
a single circlet of basilar filiform tentacles. The medusa of 
Pennaria, a common genus of wide distribution, is known under 
the name G/obiceps. 

Fam. Corynidae. — In the hydrosome stage the zooids of this 
family possess numerous capitate tentacles arranged in several 
circlets or scattered. 

In Cladocoryne the tentacles are branched. Syncoryne is a 
common and widely distributed genus with numerous unbranched 
capitate tentacles irregularly distributed over a considerable 
length of the body-wall of the zooid. In many of the species 
the gonophores are liberated as Medusae, known by the name 
Sarsia, provided with four filiform tentacles and a very long 
manubrium. In some species (S. prolifera and S. siphonophora) 
the Medusae are reproduced asexually by gemmation from the 
long manubrium. A common British Anthomedusa of this family 
is Dipurena, but its hydrosome stage is not known. In the 
closely related genus Coryne the gonophores are adelocodonic, an 

exhibit very rudimentary medusoid characters. 

Fam. Clavidae. — This is a large family containing man) 
genera, some with free -swimming Medusae, others with adelo 
codonic gonophores. In the former group are included a number 
of oceanic Medusae of which the hydrosome stage has not yet 
been discovered. The zooids of the hydrosome have numerous 
scattered filiform tentacles. The free - swimming Medusae have 
hollow tentacles. 

Clava contains a common British species with a creepm© 
hydrorhiza frequently attached to shells, and with adeloco onie 
gonophores. Cordylophora is the genus which has migrate m 
fresh water in certain European localities (see p. 269). It orms 
well-developed branching colonies attached to wooden gates anc 
piers or to the brickwork banks of canals. Several Anthonie usae, 
of which the hydrosome stage is not known, appear to be re ate 
to the Medusae of this family, but are sometimes separated as 
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the family Tiaridae. Of these Tiara, a very brightly coloured 

jelly-fish sometimes attaining a height of 40 mm., is found on 

the British coasts, and Amphinema is found in considerable 

numbers at Plymouth in September. Turritopsis is a Medusa 

with a hydrosome stage like Dendroclava. For Stomatoca see 
p. 415. 

Pam. Corymorphidae. — This family contains the interesting 
British species Cory morph a nutans. The hydrosome stage con- 
sists of a solitary zooid of great size, 50-75 mm. in length 
provided with two circlets of numerous long filiform tentacles.’ 

ie free -swimming Medusae are produced in great numbers on 
the region between the two circlets of tentacles. These Medusae 
were formerly known by the name Steenstrupia, and are note- 
worthy in having only one long moniliform tentacle, opposite to 
one of the radial canals. 

., 3 ™ gIgantlc Mon ocaulus imperator of Allman was obtained by 
the Challenger” at the great depth of 2900 fathoms off the coast 

of Japan., It was nearly eight feet in length. More recently 
Miyajima has described a specimen from 250 fathoms in the 
same seas which was 700 mm. (27*5 in.) in length. Miyajima’s 
specimen reseniMes those described by Mark from 300 fathoms 
off the Pacific coast of North America as Branchiocerianthus 

ment o? IS l ; emar ^ble feature of a distinct bilateral arrange- 
ment of the circlets of tentacles. Owing to the imperfect state 

o preservation of the only specimen of Allman’s species it is 

difficult to determine whether it is also bilaterally symmetrical 

Mark I M - SiUne 8pecies as the s P<*»nens described by 
Mark and Miyapma. These deep-sea giant species, however, appear 

nydroiandae.— This family contains the remarkable 

genus Lar, which was discovered bv Gosse attarhpd in +1 

of thp c i-i . J oosse attached to the margin 

the tubes of the marine Polychaete worm Sabella Thp 
zooids have only two tentacles, an/ exhibit duHng hfe curiou 
wing and bending movements which have been compared with 
he exercises of a gymnast. The Medusae (Fi. 132 A a„d K 

their Bfe^iistorv 'll i ^ * the na^e ^ but 

history has only recently been worked out by Browne.-’ 

illustration). ^ **’ T ° kyo ' X1 "' 190 °. 1'- 235 (with a beautiful coloured 

2 Proc. Zool. Sue. 1897, i>. 81 S 
VOL. I 
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Fam. Monobracbiidae. — - Monohrachium , found in the White 
Sea by Mereschkowsky, forms a creeping stolon on the shells of 
Tellina . The zooids of the hydrosome have only one tentacle. 

Fam. Myriothelidae. — This family contains the single genus 
Myriotkela. The zooid of the hydrosome stage is solitary and is 
provided, as in the Corynidae, with numerous scattered capitate 
tentacles. The gonophores are borne by blastostyles situated 
above the region of the tentacles. In addition to these blastostyles 
producing gonophores there are, in M. phrygia, supplementary 
blastostyles which capture the eggs as they escape from the 
gonophores and hold them until the time when the larva is ready 
to escape. They were called “ claspers ” by Allman. In some of 
the Arctic species Frl. Bonnevie 1 has shown that they are absent. 
Each zooid of M. plirygia is hermaphrodite. 

Fam. Pelagohydridae. — This family was constituted by 
Dendy 2 for the reception of Pelagoliydra mirdbilis , a remarkable 

new species discovered by 
him on the east coast of 
the South Island of New 
Zealand. The hydrosome 
is solitary and tree- 
swimming, the proximal 

— - Terv.Tl portion of the body being 

modified to form a float, 
the distal portion form- 
ing a flexible proboscis 
terminated by the mouth 
and a group of scattered 
manubrial tentacles. The 
tentacles are filiform and 

Fia. 1 34 . — Pelagoliydra mirabilis. FI , The float; scattered over the surface 
M, position of the mouth ; Ten. Fly filamentous float. Medusae 

tentacles of the float. (After Dendy.) , , , 

are developed on stolons 

between the tentacles of the float. They have tentacles arrange 
in four radial groups of five each, at the margin of the umbrella. 

As pointed out by Hartlaub , 3 Pelagoliydra is not the on y 
genus in which the hydrosome floats. Three species of the genus 
Margelopsis have been found that have pelagic habits, and two 

1 Zeitschr. f. vnss. Zool. Ixiii. 1898, p. 489. 

- Quart. Jour a. Micr. Sci. xlvi. 1902, p. 1. 3 Zool. Zrnlralhl. x. 1903, ]». 27. 
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of them have been shown to produce numerous free-swimming 
Medusae by gemmation; but at present there is no reason to 
suppose that in these forms there is any extensive modification 
of the aboral extremity of the zooid to form such a highly 
specialised organ as the float of Pelagohydra. ° 

The affinities of Pelagohydra are not clear, as our knowledge 
of the characters of the Medusa is imperfect ; but according to 
Dendy it is most closely related to the Corymorphidae. Mar- 
gelo'psis belongs to the Bougainvilliidae. 


Order IV. Calyptoblastea — Leptomedusae. 

The hydrosome stage is characterised by the perisarc, which 
no only envelops the stem and branches, as in many of the 

Gymnoblastea, but is continued into a trump Shaped or tubular 
cup or collar called the “ hydrotheca,” 

that usually affords an efficient pro- 
tection for the zooids when retracted. 

No solitary Calyptoblastea have been 
discovered. In the simpler forms the 
colony consists of a creeping liydro- 
rhiza, from which the zooids arise 
singly ( Clytia johnstoni), but these 
zooids may give rise to a lateral bud 

which grows longer than the parent Gt ~ 
zooid. 

The larger colonies are usually 
formed by alternate right and left 
budding from the last-formed zooid, 
so that in contrast to the Gymnoblast 
colony the apical zooid of the stem is 
the youngest, .„d not the okleet. zooid t,„. 13 S .-e„ * . 

Of the colony. I n the branching " 

colonies the axis is frequently com- 

of perisarc, 

which may be lined internally by 
the ectoderm and endoderm tissues 
formed by the succession of zooids 



■jft 


ol a dried specimen of Plumu- 
laria profunda. Gt, Gono- 
theca; //c, the stem of the 
hydrocladium with joints (j) ; 
Ht-, a single hydrotheca ; N. 
nematophores. Greatly en- 
larged. (After Nutting.) 


" v 1 

to the branches by gemmation, 
inonosiphonic. 


that have given rise 
Such a stem is said to be 
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In some of the more complicated colonies, however, the stem 
is composed of several tubes, which may or may not be surrounded 
by a common sheath of ectoderm and perisarc, as they are in 
Ceratella among the Gymnoblastea. Such stems are said to be 
“ polysiphonic ” or “ fascicled.” The polvsiphonic stem may arise 
in more than one way, and in some cases it is not quite clear in 
what manner it lias arisen . 1 

In many colonies the zooids are only borne by the terminal 
monosiphonic branches, which receive the special name “ hydro- 
clad ia.” The gonophores of the Calyptoblastea are usually borne 
by rudimentary zooids, devoid of mouth and tentacles (the 
“ blastostyles ”), protected by a specially dilated cup of perisarc 
known as the “ gonotheca ” or “ gonangium.” The shape and size 
of the gonothecae vary a good deal in the order. They may be 
simply oval in shape, or globular ( Schizotricha dichotoma), or 
greatly elongated, with the distal ends produced into slender 
necks ( Plumularia setacea ). They are spinulose in P. echinulata, 

and annulated in P. halecioides, Clytia , etc. 

In some genera there are special modifications of the branches 
and hydrocladia, for the protection of the gonothecae. The name 
“ Phylactocarp ” is used to designate structures that are obviously 
intended to serve this purpose. The phylactocarp of the geneia 
Aglaophenia and Tliecocarpus is the largest and most remarkable 
of this group of structures, and has received the special name 
“ corbula.” The corbula consists of an axial stem or rachis, an 
of a number of corbula-leaves arising alternately from the lachis, 
bending upwards and then inwards to meet those of the other 
side above, the whole forming a pod -shaped receptacle. T e 
gonangia are borne at the base of each of the corbula-leaves. 
There is some difference of opinion as to the homologies of t ie 
parts of the corbula, but the rachis seems to be that o a 
modified hydrocladium, as it usually bears at its base one or more 
hydrothecae of the normal type. The corbula-leaves are usua y 
described as modified nematophores ( vide infra), but according to 
Nutting 2 there is no more reason to regard them as mo 1 0 
nematophores than as modified hydrothecae, and he regards t em 
as “ simply the modification of a structure originally intende o 

1 For a discussion of the origin of the polysiphonic stem in Calyptoblastea see 
Nutting, “American Hydroids,” Smithsonian Institution Special Bicllrtin , p • *• 

1900, p. 4 . * Loc. cit. p. 33. 
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protect an indefinite person, an individual that may become either 
a sarcostyle 1 or a hydranth/ 

The other forms of phylactocarps are modified branches as in 
Lytocarpus , and those which are morphologically appendages to 
branches as in Cladocarjms , Aglaophenopsis, and Streptocaulus. 

The structures known as “ nematophores ” in the Calyptoblastea 
are the thecae of modified zooids, comparable with the dactylo- 
zooids of Millepora. They form a well-marked character of the 
very large family Plumulariidae, but they are also found in species 
of the genera Ophiodcs, Lafoeina, Oplorhiza , Perisiphonia, Di})lo- 
cyathus , Halecium, and Clathrozoon among the other Calyptoblastea. 
The dactylozooids are usually capitate or filiform zooids, without 
tentacles or a mouth, and with a solid or occasionally a perforated 
core of endoderm. They bear either a battery of nematocysts 
( Plumularia , etc.), or of peculiar adhesive cells ( Aglaophenia and 
some species of Plumularia). The functions of the dactylozooids 
are to capture the prey and to serve as a defence to the colony. 
In the growth of the corbula of Aglaophenia the dactylozooids 
appear to serve another purpose, and that is, as a temporary 
attachment to hold the leaves together while the edges themselves 
are being connected by trabeculae of coenosarc. 

In a very large number of Calyptoblastea the gonophore is a 
reduced Medusa which never escapes from the gonotheca, but in 
the family Eucopidae the gonophores escape as free -swimming 
Medusae, exhibiting certain very definite characters. The gonads 
are situated not on the manubrium, as in the Anthomedusae, 
but on the sub-umbrellar aspect of the radial canals. The 
marginal sense-organs may be ocelli or vesiculate statocysts. 
The bell is usually more flattened, and the velum smaller than 
it is in the Anthomedusae, and the manubrium short and 
quadrangular. Such Medusae are called Leptomedusae. 

' Leptomedusae of many specific forms are found abundantly at 
the surface of the sea in nearly all parts of the world, but with 
the exception of some genera of the Eucopidae and a few others 
their connexion with a definite Calyptoblastic hydrosome has not 
been definitely ascertained. It may be an assumption that time 
will prove to be unwarranted that all the Leptomedusae pass 
through a Calyptoblastic hydrosome stage. 

1 The term “sarcostyle” is usually applied to the dactylozooid of the Calypto- 
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Fam. Aequoreidae. — In this family the hydrosome stage is 
not known except in the genus Polycanna , in which it resembles 
a Campanulariid. The sense-organs of the Medusae are statocysts. 
The radial canals are very numerous, and the genital glands are 
in the form of ropes of cells extending along the whole of their 
oral surfaces. Aequorea is a fairly common genus, with a 
flattened umbrella and a very rudimentary manubrium, which 
may attain a size of 40 mm. in diameter. 

Fam. Thaumantiidae. — The Medusae of this family are dis- 
tinguished from the Aequoreidae by having marginal ocelli in 
place of statocysts. The hydrosome of Thaumantias alone is 
known, and this is very similar to an Obelia. 

Fam. Cannotidae. — The hydrosome is quite unknown. The 
Medusae are ocellate, but the radial canals, instead of being 
undivided, as in the Thaumantiidae, are four in number, and very 
much ramified before reaching the ring canal. The tentacles are 
very numerous. In the genus Polyorchis , from the Pacific coast 
of North America, the four radial canals give rise to numerous 
lateral short blind branches, and have therefore a remarkable 
pinnate appearance. 

Fam. Sertulariidae. — In this family the hydrothecae are 
sessile, and arranged bilaterally on the stem and branches. The 
general form of the colony is pinnate, the branches being usually 
on opposite sides of the main stem. The gonophores are adelo- 
codonic. Sertularia forms more or less arborescent colonies, 
springing from a creeping stolon attached to stones and shells. 
There are many species, several of which are very common upon 
the British coast. Many specimens are torn from their attach- 
ments by storms or by the trawls of fishermen and cast up on 
the sand or beach with other zoophytes. The popular name for 
one of the commonest species ( S . abietina) is the “ sea-fir.” The 
genus has a wide geographical and bathymetrical range. Another 
common British species frequently thrown up by the tide in great 
quantities is Hydrallmania falcata. It has slender spirally- 
twisted stems and branches, and the hydrothecae are arranged 
unilaterally. 

The genus Grammaria , sometimes placed in a separate family, 
is distinguished from Sertularia by several characters. The stem 
and branches are composed of a number of tubes which are con- 
siderably compressed. The genus is confined to the southern seas. 
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Fam. Plumulariidae. — The hydrothecae are sessile, and 
arranged in a single row on the stem and branches. Nemato- 
phores are always present. Gonophores adelocodonic. This 
family is the largest and most widely distributed of all the 
families of the Hydrozoa. Nutting calculates that it contains 
more than one-fourth of all the Hydroids of the world. Over 
300 species have been described, and more than half oi these 
are found in the West Indian and Australian regions. Eepre- 
sentatives of the family occur in abundance in depths down to 
300 fathoms, and not unfrequently to 500 fathoms. Only a 
few species have occasionally been found in depths of over 1000 

fathoms. 

The presence of nematophores may be taken as the most 
characteristic feature of the family, but similar structures are 
also found in some species belonging to other families (p. 277). 

The family is divided into two groups of genera, the 
Eleutheuoplea and the Statoplea. In the former the nemato- 
phores are mounted on a slender pedicel, which admits of more 
or less movement, and in the latter the nematophores are sessile. 
The genera Plumularia and Antennularia belong to the Eleu- 
theroplea. The former is a very large genus, with several 
common British species, distinguished by the terminal branches 
being pinnately disposed, and the latter, represented by A. 
anlcnnina and A. ramosa on the British coast, is distinguished 
by the terminal branches being arranged in verticils. 

The two most important genera of the Statoplea are Aglao- 
phenia and Cladocarpus. The former is represented by a few 
species in European waters, the latter is only found in American 
waters. 

Fam. Hydroceratinidae. — The colony consists of a mass of 
entwined hydrorhiza, with a skeleton in the form of anastomosing 
.chitinous tubes Hydrothecae scattered, tubular, and sessile. 
Nematophores present. Gonophores probably adelocodonic. 

This family was constituted for a remarkable hydroid, Clathro- 
zoon wilsoni , described by W. B. Spencer from Victoria. 1 The 
zooids are sessile, and spring from more than one of the numerous 
anastomosing tubes of the stem and branches. The whole of the 
surface is studded with an enormous number of small and very 
simple dactylozooids, protected by tubular nematophores. Only 

1 Trans. Hoy. Soc. Victoria , 1890, p. 121. 
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a lew specimens have hitherto been obtained, the largest being 
10 inches in height by 4 inches in width. In general appearance 
it has some resemblance to a dark coloured fan-shaped Gorgonia. 

Fam. Campanulariidae. — The hydrothecae in this family are 
pedunculate, and the gonophores adelocodonic. 

In the cosmopolitan genus Campanularia the stein is mono- 
siphonic, and the hydrothecae bell-shaped. Several species of this 
genus are very common in the rock pools of our coast between tide 
marks. Halecium is characterised by the rudimentary character 
of its hydrothecae, which are incapable of receiving the zooids even 
in their maximum condition of retraction. The genus Lafoea is 
remarkable for the development of a large number of tightly packed 
gonothecae on the hydrorhiza, each of which contains a blasto- 
style, bearing a single gonophore and, in the female, a single 
ovum. This group of gonothecae was regarded as a distinct 
genus of Hydroids, and was named Coppinia} Lafoea dumosa 
with gonothecae of the type described as Coppinia arcta occurs 
on the British coast. 

Perisiphonia is an interesting genus from deep water off the 
Azores, Australia, and New Zealand, with a stem composed of 
many distinct tubes. 

The genus Zygophylax , from 500 fathoms off the Cape Verde, 
is of considerable interest in having a nematophore on each side 
of the hydrotheca. According to Quelch it should be placed in 
a distinct family. 

Ophiodes has long and very active defensive zooids, protected 
by nematophores. It is found in the Laminarian zone on the 
English coast. 

Fam. Eucopidae. — The hydrosome stage of this family is 
very similar to that of the Campanulariidae, but the gonophores 
are free-swimming Medusae of the Leptomedusan type. 

One of t the best-known genera is ■ Obelia, of which several 
species are among the commonest Hydroids of the British 
coast. 

Clytia johnstoni is also a very common Hydroid, growing on 
red algae or leaves of the weed Zoster a. It consists of a number 
of upright, simple, or slightly branched stems springing from a 
creeping hydrorhiza. When liberated the Medusae are globular 
in form, with four radial canals and four marginal tentacles, but 

1 See C. C. Nutting, Proc. U.S. National Afuseum, xxi. 1899, p. 7 47. 
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this Medusa, like many others of the order, undergoes considerable 
changes in form before it reaches the sexually mature stage. 

Phialidium temporarium is one of the commonest Medusae of 
our coast, and sometimes occurs in shoals. It seems probable that 
it is the Medusa of Clytia jolinstoni} By some authors the jelly- 
fish known as Epenthesis is also believed to be the Medusa of a 
Clytia. 

Fam. Dendrograptidae. — This family includes a number of 
fossils which have certain distinct affinities with the Calypto- 
blastea. In Dictyonema , common in the Ordovician rocks of 
Norway, but also found in the Palaeozoic rocks of North America 
and elsewhere, the fossil forms fan -shaped colonies of delicate 
filaments, united by many transverse commissures, and in well- 
preserved specimens the terminal branches bear well-marked 
uniserial hydrothecae. In some species thecae of a different 
character, which have been interpreted to be gonothecae and 
nematophores respectively, are found. 

Other genera are Dcndrograptus , Thamnograptus , and several 
others from Silurian strata. 

Order V. Graptolitoidea. 

A large number of fossils, usually called Graptolites, occurring 
in Palaeozoic strata, are generally regarded as the skeletal remains 
of an ancient group of Hydrozoa. 

In the simpler forms the fossil consists of a delicate straight 
rod bearing on one side a series of small cups. It is suggested 
that the cups contained hydroid zooids, and should therefore be 
regarded as the equivalent of the hydrothecae, and that the axis 
represents the axis of the colony or of a branch of the Calypto- 
blastea. In some of the forms with two rows of cups on the 
axis ( Diplograptus ), however, it has been shown that the cups are 
absent from a considerable portion of one end of the axis, and 
that the axes of several radially arranged individuals are fused 
together and united to a central circular plate. Moreover, there 
is found in many specimens a series of vesicles, a little larger in 
size than the cups, attached to the plate and arranged in a circle 
at the base of the axes. These vesicles are called the gonothecae. 

The discovery of the central plate and of the so-called gono- 

1 E. T. Browne, Bergens Museums Aarbog , 1903, iv. p. 18. 
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thecae suggests that the usual comparison of a Graptolite with a 
Sertularian Hydroid is erroneous, and that the colony or indi- 
vidual, when alive, was a more or less radially symmetrical 
floating form, like a Medusa, of which only the distal appendages 
(possibly tentacles) are commonly preserved as fossils. 

The evidence that the Graptolites were Hydrozoa is in reality 
very slight, but the proof of their relationship to any other 
phylum of the animal kingdom does not exist. 1 It is therefore 
convenient to consider them in this place, and to regard them, 
provisionally, as related to the Calyptoblastea. 

The order is divided into three families. 

Fam. 1. Monoprionidae. — Cups arranged uniserially on one 
side of the axis. 

The principal genera are Monograptus , with the axis straight, 
curved, or helicoid, from many horizons in the Silurian strata ; 
Rastrites , with a spirally coiled axis, Silurian ; Didymograptus, 
Ordovician ; and Coenograptus , Ordovician. 

Fam. 2. Diprionidae. — Cups arranged in two or four vertical 
rows on the axis. 

Diplograptus y Ordovician and Silurian ; Climacograptus, Ordo- 
vician and Silurian ; and Phyllograptus , in which the axis and 
cups are arranged in such a manner that they resemble an ovate 
leaf. 

Fam. 3. Retiolitidae. — Cups arranged biserially on a reticu- 
late axis. 

Eetiolites, Ordovician and Silurian ; Stomatograptus, Retio- 
graptus, and Glossograptus, Ordovician. 

Fossil Corals possibly allied to Hydrozoa. 

Among the many fossil corals that are usually classified with 
the Hydrozoa the genus P orosphaera is of interest as it is often 
supposed to be related to Millepora. It consists of globular 
masses about 10-20 mm. in diameter occurring in the Upper 
Cretaceous strata. In the centre there is usually a foreign body 
around which the coral was formed by concentric encrusting 
growth. Running radially from pores on the surface to the 
centre, there are numerous tubules which have a certain general 
resemblance to the pore-tubes of Millepora. The monomorphic 

1 Cf. Schepotieff, Neucs Jahrb. f. Mineralogie , 1905, ii. pp. 79-98. 
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character of these tubes, their very minute size, the absence of 
ampullae, and the general texture of the corallum, are characters 
which separate this fossil very distinctly from any recent 
Hy droid corals. Porosphaera, therefore, was probably not a 
Hydrozoon, and certainly not related to the recent Millepora. 

Closely related to Porosphaera apparently are other globular, 
ellipsoidal, or fusiform corals from various strata, such as Loftusia 
from the Eocene of Persia, Parkeria from the Cambridge Green- 
sand, and Heterastridium from the Alpine Trias. I11 the last 
named there is apparently a dimorphism of the radial tubes. 

Allied to these genera, again, but occurring in the form of 
thick, concentric, calcareous lamellae, are the genera Ellipsactinia 
and Sphaeractinia from the Upper Jurassic. 

Another important series of fossil corals is that of the family 
Stromatoporidae. These fossils are found in great beds of 
immense extent in many of the Palaeozoic rocks, and must have 
played an important part in the geological processes of that 
period. 1 They consist of a series of calcareous lamellae, separated 
by considerable intervals, encrusting foreign bodies of various 
kinds. Sometimes they are flat and plate -like, sometimes 
globular or nodular in form. The lamellae are in some cases 
perforated by tabulate, vertical, or radial pores, but in many 
others these pores are absent. ) The zoological position of the 
Stromatoporidae is very uncertain, but there is not at present 
any very conclusive evidence that they are Hydrozoa. 

Stromatopora is common in Devonian and also occurs in 
Silurian strata. Cannopora from the Devonian has well-marked 
tabulate pores, and is often found associated commen sally with 
-another coral ( Aulopora or Spring op ora). 

Order VI. | 'Stylasterina. 

The genera included in this order resemble Millepora in pro- 
; ducing a massive calcareous skeleton, and in showing a consistent 
dimoiphism of the zooids, but in many respects they exhibit 
great divergence from the characters of the Milleporina. 

The colony is arborescent in growth, the branches arising 
frequently only in one plane, forming a flabellum. The cal- 
careous skeleton is perforated to a considerable depth by the 
gastiozooids, dactylozooids, and nutritive canals, and the gastro- 
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pores and dactylopores are not provided with tabulae except in 
the genera Pliobothrus and Sporadopora . The character which 
gives the order its name is a conical, sometimes torch-like pro- 
jection at the base of the gastropore, called the “ style,” which 
carries a fold of the ectoderm and endoderm layers of the body- 
wall, and may serve to increase the absorptive surface of the 
digestive cavity. In some genera a style is also present in the 
dactylopore, in which case it serves as an additional surface for 
the attachment of the retractor muscles. The pores are scattered 
on all aspects of the coral in the genera Sporadopora, Errina , and 
Pliobothrus ; in Spinipora and Steganopora the scattered dactylo- 
pores are situated at the extremities of tubular spines which 
project from the general surface of the coral, the gastropores 
being situated irregularly between the spines. In Phcdangopora 
the pores are arranged in regular longitudinal lines, and m 
Distichopora they are mainly in rows on the edges of the 
flattened branches, a single row of gastropores being flanked by 
a single row of dactylopores on each side. In the remaining 
genera the pores are arranged in definite cycles, which are fre- 
quently separated from one another by considerable intervals, and 
have, particularly in the dried skeleton, a certain resemblance to 
the calices of some of the Zoantharian corals. 

In Cryptohelia the cycles are covered by a lid-like projection 
from the neighbouring coenenchym (Fig. 136, l 1,1 2). The gastro- 
zooids are short, and are usually provided with a variable number of 
small capitate tentacles. The dactylozooids are filiform and devoid 
of tentacles, the endoderm of their axes being solid and scalariform. 

The gonophores of the Stylasterina are situated in large oval 
or spherical cavities called the ampullae, and their presence can 
generally be detected by the dome-shaped projections they form 
on the surface of the coral. The female gonophore consists of a 
saucer-shaped pad of folded endoderm called the “ trophodisc, 
which serves the purpose of nourishing the single large yolk- 
laden egg it bears ; and a thin enveloping membrane composed of 
at least two layers of cells. The egg is fertilised while it is 
still within the ampulla, and does not escape to the exterior 
until it has reached the stage of a solid ciliated larva. All the 
Stylasterina are therefore viviparous. The male gonophore has 
a very much smaller trophodisc, which is sometimes ( Allopora ) 
prolonged into a columnar process or spadix, penetrating the 
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greater part of the gonad. The spermatozoa escape through a 
peculiar spout-like duct which perforates the superficial wall of 
the ampulla. In some genera ( Distichopora ) there are several 
male gonophores in each ampulla. 

The gonophores of the Stylasterina have been regarded as 
much altered medusiform gonophores, and this view may possibly 
prove to be correct. At present, however, the evidence of their 
derivation from Medusae is not conclusive, and it is possible 
that they may have had a totally independent origin. 

Distichopora and some species of Stylaster are found in shallow 
water in the tropics, but most of the genera are confined to 



Fio. 136. — A portion of a branch of Cryptohdia ranwsa, showing the lids / 1 and/ 2 
> covering the cyclosystems, the swellings produced by the ampullae in the lids amp 1 

amp*, and the dactylozooids, dac. x 22. (After Hickson and England.) 


deep or very deep water, and have a wide geographical distribution. 
No species have been found hitherto within the British area. 

A few specimens of a species of Stylaster have been found in 
Tertiary deposits and in some raised beaches of more recent 
origin, but the order is not represented in the older strata. 

Fam. Stylasteridae. — All the genera at present known are 
included in this family. 


Sporadopora is the only genus that presents a super- 
ficial general resemblance to Millepora. It forms massive 
branching white coralla, with the pores scattered irregularly on 
the surface, and, like many varieties of Millepora, not arranged 
in cyclosystems. It may, however, be distinguished at once by 
the presence of a long, brush-like style in each of the gastropores 
le ampullae are large, but are usually so deep-seated in the 
coenenchym that their presence cannot be detected from the 

surface. It was found off the Rio de la Plata in 600 fathoms 
of water by the “ Challenger.” 
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In Errina the pores are sometimes irregularly scattered, but 
in E. glabra they are arranged in rows on the sides of the 
branches, while in E. ramosa the gastropores occur at the angles 
of the branches only. The dactylopores are situated on nariform 
projections of the corallum. The ampullae are prominent. There 
are several gonophores in each ampulla of the male, but only one 
in each ampulla of the female. This genus is very widely distri- 
buted in water from 100 to 500 fathoms in depth. 

Phalangopora differs from Errina in the absence of a style in 
the gastropore ; Mauritius. — Pliobothrus has also no style in the 
gastropore, and is found in 100-600 fathoms of water off the 
American Atlantic shores. 

Distickopora is an important genus, which is found in nearly 
all the shallow seas of the tropical and semi-tropical parts of the 
world, and may even flourish in rock pools between tide marks. 
It is nearly always brightly coloured — purple, violet, pale brown, 
or rose red. The colony usually forms a small flabellum, with 
anastomosing branches, and the pores are arranged in three rows, 
a middle row of gastropores and two lateral rows of dactylopores 
on the sides of the branches. There is a long style in each 
gastropore. The ampullae are numerous and prominent, 
situated on the anterior and posterior faces of the branches. 
Each ampulla contains a single gonophore in the female colony 

and two or three gonophores in the male colony. 

Spinipora is a rare genus from off the Rio de la Plata in 
600 fathoms. The branches are covered with blunt spines. 
These spines have a short gutter-like groove at the apex, which 
leads into a dactylopore. The gastropores are provided with a 

style and are situated between the spines. 

Steganopora 1 from the Djilolo Passage, in about 600 fathoms, 
is very similar to Spinipora as regards external features, but 
differs from it in the absence of styles in the gastropores, and in 
the wide communications between the gastropores and dactylopores. 

Stylaster is the largest and most widely distributed genus 
of the family, and exhibits a considerable range of structure in 
the many species it contains. It is found in all the warmer seas 
of the world, living between tide marks at a few fathoms, 
and extending to depths of 600 fathoms. Many specimens, but 
especially those from very shallow water, are of a beautiful rose 

1 S. J. Hickson and H. England, Siboga Exptd. viii. 1904, p. 26. 
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or pink colour. The corallum is arborescent and usually flabelli- 
form. The pores are distributed in regular cyclosystems, some- 
times on one face of the corallum only, sometimes on the sides 
of the branches, and sometimes evenly distributed. There are 
styles in both gastropores and dactylopores. 

Allop ora is difficult to separate from Stylaster, but the species 
are usually more robust in habit, and the ampullae are not so 
prominent as they are on the more delicate branches of Stylaster. 
It occurs at depths of 100 fathoms in the Norwegian fjords. 
A very large red species (A. nobilis ) occurs in False Bay, Cape 
of Good Hope, in 30 fathoms of water. In this locality the 
coral occurs in great submarine beds or forests, and the trawl that 
is passed over them is torn to pieces by the hard, thick branches, 
some of which are an inch or more in diameter. 

Astylus is a genus found in the southern Philippine sea in 
500 fathoms of water. It is distinguished from Stylaster by the 
absence of a style in the gastropore. 

Cryptolielia is an interesting genus found both in the Atlantic 
and Pacific Oceans at depths of from 270 to about 600 fathoms. 
The cyclosystems are covered by a projecting lid or operculum 
(Pig. 136, 11,1 2). There are no styles in either the gastropores 
or the dactylopores. The ampullae are prominent, and are some- 
times situated in the lids. There are several gonophores in each 

ampulla of the female colony, and a great many in the ampulla 
of the male colony. 



CHAPTER XI 


HYDROZOA ( CONTINUED ) : TRACHOMEDUSAE 

SIPHONOPHOllA 


NARCOMEDUSAE 


Order VII. Trachomedusae. 

The orders Trachomedusae and Narcomedusae are probably closely 
related to one another and to some of the families of Medusae at 
present included in the order Calyptoblastea, and it seems 
probable that when the life-histories of a few more genera are 
made known the three orders will be united into one. Very 
little is known of the hydrosome stage of the Trachomedusae, but 
Brooks 1 has shown that in Liriope , and Murbach 2 that in 
Gonionema , the fertilised ovum gives rise to a Hydra - like lorm, 
and in the latter this exhibits a process of reproduction by 
gemmation before it gives rise to Medusae. Any general state- 
ment, therefore, to the effect that the development of t ie 
Trachomedusae is direct would be incorrect. The fact that t ie 
hydrosornes already known are epizoic or free-swimming does no 
afford a character of importance for distinction from the 
medusae, for it is quite possible that in this order of Me< usae 
the hydrosornes of many genera may he similar in form an 

habits to those of Liriope and Gonionema. 

The free border of the umbrella of the Trachomedusae i 
entire ; that is to say, it is not lobed or fringed as it is in * 
Narcomedusae. BThe sense-organs are statocysts, each ^ 

^ing of a vesiclq formed by a more or less complete ° . (f 
the surrounding wall of the margin of the umbrella, containing 
a reduced clapper-like tentacle loaded at its extremity wi 

1 “ Life-History of the Hydromedusac,” Mrw. Bosltm Soc. iii. 1885, P- 

2 Journ. Morph, xi. 1895, p. 493. 
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statolith. This statocyst is innervated by the outer nerve ring. 
There appears to be a very marked difference between these 
marginal sense-organs in some of the best-known examples of 
Trachomedusae and the corresponding organs of the Leptomedusae. 
The absence of a stalk supporting the statolith and the innerva- 
tion of the otocyst by the inner instead of by the outer nerve 
ring in the Leptomedusae 

form characters that may 
be of supplementary value, 
but cannot be regarded as 
absolutely distinguishing 
the two orders. The stat- 
orhab of the Trachomedusae 
is probably the more primi- 
tive ol the two types, and 
represents a marginal ten- 
tacle of the umbrella re- 
duced in size, loaded with 
a statolith and enclosed by 
the mesogloea. Interme- 
diate stages between this 
type and an ordinary ten- 
tacle have already been 
discovered and described. 

In the type that is usually 
found in the Leptomedusae 
the modified tentacle is ^ . 

still further reduced, and 
all that can be recognised 
of it is the statolith 
attached to the wall of the 
‘Statocyst, but intermediate 

stages between the two types are seen in the family Olindiid-ie 

in whjch the stalk supporting the statolith passes gradually hit. 

the issue surrounding the statolith on the one hand Z U 

vesicle wall on the other. The radial canals are four or eLiit in 
number or more numerous Thn v 0 • o 111 

of the umbrella with a ring’ canal fromTh^b mar S in 

blind tubes run in the umbrella wall ’ t , a number ®f ^ort 
Medusa (Fig 137 C n) Tt « towards the centre of the 

vo,.. , g ' 7 ’ P) - These cuutn petul canals " are subject to 


•• 1 r ^ U1C UITVO- 

S2S, r m tlle « est sill « of North oiu. 
Central America. Sire, 15-20 mm. CoIol 

rose cp. Centripetal canal ; gml , „ olla( , . ,/ 
mouth at the end of a long manubri.nn ol 

u^r : ntacie : <u ' t °" gue - 
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considerable variation, l)ut are useful characters in distinguish- 

O 

ing the Trachomedusae from the Leptomedusae. The tentacles 
are situated on the margin of the umbrella, and are four or eight 
in number or, in some cases, more numerous. The gonads are 
situated as in Leptomedusae on the sub-umbrella aspect of the 
radial canals. 



Flo. 138. — Hydra-like stage in the 


In Gonionema murbachii the fertilised eggs give rise to a free- 
swimming ciliated larva of an oval shape with one pole longer 

and narrower than the other. The 
mouth appears subsequently at the 
narrower pole. The larva settles 
down upon the broader pole, the 
mouth appears at the free extremity, 
and in a few days two, and later 
two more, tentacles are formed (Fig. 

138). 

At this stage the larva may be 
said to be Hydra-like in character, 
and as shown in Fig. 138 it feeds 
and lives an independent existence. 

• * w# — uiu-uav ill U1C , - 1 | 

development of Gonionema mur- From its body-wall buds arise WhlCIl 

0ne of the , , t *I‘ t * cle3 J s separate from the parent and give 

carrying a worm (U) to the r . .. 

mouth. The tentacles are shown rise to similar Hydra- like indl- 

. An a.exu.1 generation tl.«» 

length of 2 mm. Height of zooid gives rise to new individuals by 

about 1 mm. (After Perkins.) gemmation as in the hydrosome of 

the Calyptoblastea. The origin of the Medusae from this Hydra- 
like stage has not been satisfactorily determined, but it seems 
probable that by a process of metamorphosis the hydriforin 
persons are directly changed into the Medusae. 1 

In the development of Liriope the free -swimming larva 
develops into a hydriforin person with four tentacles and an 
enormously elongated hypostome or manubrium ; and, according 
to Brooks, it undergoes a metamorphosis which directly converts 
it into a Medusa. 

There can be very little doubt that in a large number of 
Trachomedusae the development is direct, the fertilised ovum 
giving rise to a medusome without the intervention of a hydro- 
some stage. In some cases, however ( Geryonia , etc.), the tentacles 

1 H. l'\ Perkins, Pmc. Acad. Xat. Set. Ph%l. Nov. 1902, ]». 773. 
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appear in development before there is any trace of a sub-umbrella 

cavity, and this has been interpreted to be a transitory but 

definite Hydroid stage. It may be supposed that the elimination 

of the hydrosoine stage in these Coelenterates may be associated 

with their adaptation to a life in the ocean far from the coast. 

During the growth of the Medusa from the younger to the 

adult stages several changes probably occur of a not unimportant 

character, and it may prove that several genera now placed in 

the same or even different families are stages in the development 

of the same species. In the development of liriantha appen- 

(hculata, 1 for example, four interradial tentacles appear in the 

first stage which disappear and are replaced by four radial 
tentacles in the second stage. 

As with many other groups of free-swimming marine animals 
the Trachomedusae have a very wide geographical distribution 
and some genera may prove to be almost cosmopolitan, but the 
majority of the species appear to be characteristic of the warmer 
regions of the high seas. Sometimes they are found at the 
surface, but more usually they swim at a depth of a few fathoms 
to a hundred or more from the surface. The Pectyllidae appear 
to be confined to the bottom of the sea at great depths 
The principal families of the Trachomedusae are •_ 

Fam. Olindiidae. This family appears to be structurally 
and m development most closely related to the Leptomedusae 

in that 1 f reg T, ! ,y GOt ° 2 as cloSe] y rekted to the Eucopidae 
n that order. They have two sets of tentacles, velar and ex- 

mbrellar , the statocysts are numerous, two on each side of the 

exumbrellar tentacles. Radial canals four or six. Manubrium 

well deve oped and quadrate, with distinct lips. There is an 
adhesive disc on each exumbrellar tentacle. 

Halicalyx, ' <HtnduU> 0hnd ^ides, Gonionema (Fig. 139), and 

is very 1 wide 6 " ’SF? * the ‘^ibution of the genera 

\ciy wide. Ohndias mullem occurs in fi w » i\r r+ 6 

““/rz. * i " e r* or 

State, „t A.»ericl“ ZiZZiff H ‘'"' , ’" ited 

Iwo genera may be referred tn <r 1 

j reiencd to m this place, although their 

. M*,. T : BrOW,,U - Proe - Hoc. 1896 , ,, 495 . 

Anniversary Volume, New York, 1903 , p. 1. 
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systematic position in relation to eacli other and to other 
Medusae lias not been satisfactorily determined. 

Limnocodium sowerbyi is a small Medusa that was first 
discovered in the Victoria regia tanks in the Botanic Gardens, 
Regent’s Park, London, in the year 1880. It has lately made 
its appearance in the Victoria regia tank in the Parc de la Bete 
d’Or at Lyons. 1 As it was, at the time of its discovery, the only 
fresh-water jelly-fish known, it excited considerable interest, and 



Fro. 139.— Oonionenia tnurhaehU. Adult Medusa, shown inverted, and clinging to 

the bottom. Nat. size. (Alter Perkins.) 


tli is interest was not diminished when the peculiarities of it* 
structure were described by Lankester and others. It ias 
rather flattened umbrella, with entire margin and liulner ° 
marginal tentacles, the manubrium is long, quadrate, an 
four distinct lips. There arc four radial canals, and t ie m 
gonads (all the specimens discovered were of the male sex; 
sac-like bodies on the sub-umbrellar aspect of the mi e P 01 , 

the four radial canals. In these characters the genus shows g en ® 
affinities with the Olindiidae. The difficult question o t it ^ 
of the statoliths from the primary germ layers of the embryo a 
some other points in the minute anatomy of the Medusa 

1 C. Vaucy et A. Conte, Zuul. Anz. xxiv. 1901, p. r 533. 
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suggested the view that Limnocodium is not properly placed in any 
of the other orders. Goto, 1 however, in a recent paper, confirms 
the view of the affinities of Limnocodium with the Olindiidae. 

The life-history of Limnocodium is not known, but a curious 

Hydroid form attached to Pontederia roots was found in the 

same tank as the Medusae, and this in all probability represents 

the hydrosome stage of its development. The Medusae are 

formed apparently by a process of transverse fission of the 

Hydroid stock 2 similar in some respects to that observed in the 

production of certain Acraspedote Medusae. This is quite unlike 

the asexual mode of formation of Medusae in any other Craspedote 

form. The structure of this hydrosome is, moreover, very 

different to that of any other Hydroid, and consequently the 

relations of the genus with the Trachomedusae cannot be re- 
garded as very close. 


Limnocodium has only been found in the somewhat artificial 
conditions of the tanks in botanical gardens, and its native locality 
is not known, but its association with the Victoria regia water-lily 
seems to indicate that its home is in tropical South Amei>a. 

Limnocnida tanganyicae is another remarkable fresh -water 
Medusa, about seven-eights of an inch in diameter, found in the 

lakes Tanganyika and Victoria 
Nyanza of Central Africa. 3 * It 
differs from Limnocodium in 
having a short collar-like manu- 
brium with a large round mouth 
two-thirds the diameter of the 
umbrella, and in several other 
not unimportant particulars. It 
produces in May and June a 
large number of Medusa-buds by 
1 . . §6nmi8»fcion on tlis iiicinuhviiiTn 

i .”S1“ September the 8 ™ 1 *» fanned in 



Flo. 140 . — Limnocnida tanganyicae. 
x 2. (After Gunther. ) 




1 S. Goto, l.c. 2 Q h Fowl 

3 Limnocnida has recently been disco^Tri f m, "\ Srier - Sci - xxx - 1890, p. 507. 

Browne, Ann. Nal. Hi". xvV , 906 , Z * in 0,6 river See 

1 “ Tho Tanganyika IVoh.en, ” ,900, p 2 9S . 
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the development is direct from ciliated planulae to the Medusae. 
Ihe occurrence of Limnocmda in Lake Tanganyika is supposed by 
the same authority to afford a strong support to the view that 
this lake represents the remnants of a sea which in Jurassic 
times spread over part of the African continent. This theory 
has, however, been adversely criticised from several sides. 1 

The character of the manubrium and the position of the 
sexual cells suggest that Limnocnida has affinities with the 
Narcomedusae or Anthomedusae, but the marginal sense-organs 
and the number and position of the tentacles, showing consider- 
able similarity with those of Limnocodium, justify the more con- 
venient plan of placing the two genera in the same family. 

Fam. Petasidae. — The genus Petasus is a small Medusa with 
four radial canals, four gonads, four tentacles, and four free 
marginal statorhabs. A few other genera associated with Petasus 
show simple characters as regards the canals and the marginal 
organs, but as very little is known of any of the genera the 
family may be regarded as provisional only. Petasus is found 
in the Mediterranean and off the Canaries. 

Fam. Trachynemidae. — In this family there are eight radial 
canals, and the statorhabs are sunk into a marginal vesicle. 
Trachynema , characterised by its very long manubrium, is a 
not uncommon Medusa of the Mediterranean and the eastern 
Atlantic Ocean. Many of the species are small, but T. funerarium 
has sometimes a disc two inches in diameter. Homoconema and 
Pentachogon have numerous very short tentacles. 

Fam. Pectyllidae. — This family contains a few deep-sea 
species with characters similar to those of the preceding family 
but the tentacles are provided with terminal suckers. Pectylli* 
is found in the Atlantic Ocean at depths of over 1000 fathoms. 

Fam. Aglauridae. — The radial canals are eight in number 
and the statorhabs are usually free. In the manubrium there is a 
rod-like projection of the mesogloea from the aboral wall of the 
gastric cavity, covered by a thin epithelium of endoderm, wnic 
occupies a considerable portion of the lumen of the manubrium. 
This organ may be called the tongue. Aglaura has an octagona 
umbrella, and a manubrium which does not project beyond t e 
velum. It occurs in the Atlantic Ocean and Mediterranean Sea. 

1 Cf. Boulenger, Presidential Address to Section I) of tlic British Association 

(Cape Town, 1905). 
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Fam. Geryoniidae. — In tliis family there are four or six 
radial canals, the statorhabs are sunk iu the mesogloea, and a 


tongue is present in the manubrium. Liriope (Fig. 137) is 
sometimes as much as three inches in diameter. It has a very 
long manubrium, and the tongue sometimes projects beyond the 
mouth. There are four very long radial tentacles. It is found 
in the Atlantic Ocean, the Mediterranean Sea, and the Pacific and 


Indian Oceans. Geryonia has a wider geographical distribution 
than Liriope , and is sometimes four inches in diameter. It differs 


from Liriope in having six, or a multiple of six, radial canals. 

( ar marina of the Mediterranean and other seas becomes larger 

even than Geryonia, from which it differs in the arrangement of 
the centripetal canals. 


Liriantha appendtculata sometimes occurs on the south coast 
of England during September, October, or at other times. 


Order VIII. Narcomedusae. 

The Narcomedusae differ from the Trachomedusae in having 
the margin of the umbrella divided into a number of lobes, and 
in bearing the gonads on the sub-umbrellar wall of the gastral 
cavity instead of upon the radial canals. The tentacles are 
situated at some little distance from the margin of the umbrella 
at points on the aboral surface corresponding with the angles 
between the umbrella lobes. / Between the base of the tentacle 


and the marginal angle thek is a tract of modified epithelium 
called the “ peromum .” The manubrium is usually short, and the 
mouth leads into an expanded gastral chamber which is provided 
with lobular diverticula reaching as far as the bases of the 
tentacles. The marginal sense-organs are in the form of un- 
protected statorhabs. Very little is known concerning the life- 
history of any of the Narcomedusae. In Cunoctantlia octonaria 
the peculiar ciliated larva with two tentacles and a very lo„ K 

Ml of 18 !, 80011 . ?r l0PS , tW ° m ° re teUtacles and ^eps i»to thS 

, ,nfn .1 •! Anthoniedusan 'Jvrntopsis, where, attached by its 

l^^i^iclusa i t * . being converted into a 

Medusa it gives rise by gemmation to a number of similar 

ZZ rllen Wl !,t beC ° me ’ in time ’ Medusae ' The Parasitic 

s age is often regarded as the representative of the hydrosome 
stage reduced and adapted to the oceanic habit of the adult 
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In Cunina proboscidea , and in some other species, a very 

remarkable method of reproduction has been described by 

Metschnikoff, called by him “ sporogony.” In these cases young 

sexual cells (male or female) wander from the gonad of the 

parent into the mesogloea of the umbrella, where they develop 

parthenogenetically into ciliated morulae. These escape by the 

radial canals into the gastric cavity, and there form a stolon 

from which young Medusae are formed by gemmation. In C. 

proboscidea these young Medusae are like the genus Solmaris, but 

in C. rhododactyla they have the form of the parent. In some 

cases the ciliated larvae leave the parent altogether and become 

attached to a Geryonia or some other Aledusa, where they form 
the stolon. 

This very interesting method of reproduction cannot be re- 
garded as a primitive one, and throws no light on the origin of 
the order. It might be regarded as a further stage in the 
degeneration of the hydrosome stage in its adaptation to a 
parasitic existence. 

The Narcomedusae have a wide geographical distribution. 
Species of Aeginopsis occur in the White Sea and Bering Strait, 
but the genera are more characteristic of warmer waters. Some 
species occur in moderately deep water, and Cunarcha was found 
in 1675 fathoms off the Canaries, but they are more usually 
found at or near the surface of the sea. 

Fam. Cunanthidae. — Narcomedusae with large gastral diver- 
ticula corresponding in position with the bases of the tentacles. 
Cunina and Cunoctantha , occurring in the Mediterranean and 
in the Atlantic and Pacific Oceans, belong to this family. In 
Cunina the tentacles may be eight in number, or some multiple 
of four between eight and twenty-four. In Cunoctantha the 
number of tentacles appears to be constantly eight. 

Fam. Peganthidae. — There appear to he no gastral pouches 
in this family. The species of Pegantha are found at depths of 
about 80 fathoms in the Indian and Pacific Oceans. 

Fam. Aeginidae. — The large gastral pouches of this family 
alternate with the bases of the tentacles. Aegina occurs in the 
Atlantic and Pacific Oceans. Aeginopsis. 

Fam. Solmaridae. — In this family the gastral pouches are 
variable, sometimes corresponding with, sometimes alternating 
with, the bases of the tentacles. The circular canril is represented 
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in some genera by solid cords of endoderm. Solmaris sometimes 
appears in the English Channel, but it is probably a wanderer 
from the warmer regions of the Atlantic Ocean. It is found in 
abundance during November on the west coast of Ireland. 


Order IX. Siphonophora. 

In this order the naturalist finds collected together a number 
of very beautiful, delicate transparent organisms to which the 
general term “jelly-fish ” may be applied, although their organisa- 
tion is far more complicated and difficult to describe than that 
of any of the Medusae. In several of the Hydrozoa the 
phenomenon of dimorphism has already been noticed. In these 
cases one set of individuals in a colony performs functions 
of stinging and catching food and another the functions of 
devouring and digesting it. In many of the Siphonophora 
there appears to be a colony of individuals in which the division 
of labour is carried to a much further extent than it is in the 
dimorphic Hydrozoa referred to above. Not only are there 
specialised gastrozooids and dactylozooids, but also gonozooids, 
zooids for propelling the colony through the water (“ necto- 
calyces ”), protective zooids (“ hydrophyllia ”), and in some cases 
a specialised zooid for hydrostatic functions ; the whole forming 
a swimming or floating polymorphic colony. -But this conception 
of the construction of the Siphonophora is not the only one 
that lias met with support. By some zoologists the Siphono- 
phoran body is regarded not as a colony of individuals, but. as a 

single individual m which the various organs have become 
multiplied and dislocated. 

The multiplication or repetition of organs that are usually 

In Se Med 'f ?u AU n " Unkn ° Wn in 0ther Hydrozoa 
Skrli Medusa of ^ Gym noblast Symoryne, usually known as 
ftrsm, for example, there is sometimes a remarkable proliferation 
of the manubrium, and specimens have been found with three or 
four long manubna attached by a tubular stalk to the centre of 

“ a - ^i 8 complex of manubria may become 

and iive for a *- - 

If we regard the manubrium of a Medusa as an organ of the 

1 c. Hartlaub, Vtrhandl. Dcutxh. Zool. Ges. 1896, 3. 
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animal s body, it might be thought obvious that the phenomenon 
observed in the Medusae of Syncoryne is a case of a simple 
repetition of the parts of an individual ; but the power that 
the group of manubria possesses of leading an independent 
existence renders its interpretation as a group of organs a 
matter of some inconvenience. If we can conceive the idea 
that an organ may become detached and lead an independent 
existence, there is no reason why we should not regard the 
Medusa itself of Syncoryne as an organ, and we should be 
driven to the paradoxical conclusion that, as regards several 
genera and families of Hydrozoa, we know nothing at present 
of the individuals, but only of their free-swimming organs, and 

that in others the individual has degenerated, although one of 
its organs remains. 

There is, however, no convincing argument to support either 
the conception that the Siphonophoran body is a colony of 
individuals, or that it is an individual with disjoin te'd 'organs. 
These two conceptions are sometimes called the “ Poly-person ” 
and " Poly-organ ” theories respectively. The difficulty is caused 
by the impossibility of giving any satisfactory definition in the 
case of the Hydrozoa of the biological terms “ organ ” and 
“ individual.” In the higher animals, where the correlation of 
parts is far more complex and essential than it is in Coclenterata, 
a defined limit to the scope of these terms can be laid down, 
but in the lower animals the conception of what is termed an 
organ merges into that which is called an individual, and no 
definite boundary line between the two exists in Nature. The 
difficulty is therefore a permanent one, and, in using the expression 
“ colony ” for the Siphonophoran body, it must be understood 
that it is used for convenience* sake rather than because it 
represents the only correct conception of the organisation of 
these remarkable Coelenterates. 

Regarding the Siphonophora as polymorphic colonies, then, 
the following forms of zooids may be found. 

Nectocalyces . — The nectocalyces are in the form of the 
umbrella of a medusa attached to the stolon of the colony by 
the aboral pole. They are provided with a velum and, usually, 
four radial canals and a circular canal. There is no manubrium, 
and the marginal tentacles and sense-organs are rudimentary or 
absent. There may be one or more nectocalyces in each colony, 
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and their function is, by rhythmic contractions, to propel the 
colony through the water (Fig. 142, N). 

Gastrozooids . — These are tubular or saccular zooids provided 
with a mouth and attached by their aboral extremity to the 
stolon (Fig. 142, G). In some cases the aboral region of the 
zooid is differentiated as a stomach. It is dilated and bears the 
digestive cells, the oral extremity or hypostome being narrower 
and more transparent. In some cases the mouth is a simple 
round aperture at the extremity of the hypostome, but in others 
it is dilated to form a trumpet-like lip. 

Dactylozooids . — In Velelld and Porpita the dactylozooids are 
similar in general characters to the tentacles of many Medusae. 
They are arranged as a 
frill round the margin 
of the colony, and 
each consists of a 
simple tube of ecto- 
derm and endoderm 
terminating in a 
knobbed extremity 
richly provided with 
nematocysts. 

In many other 
Siphonophora, how- 
ever, the dactylozooids 
are very long and 
elaborate filaments, 
which extend for a 
great distance from the 
colony into the sea. 

They reach their most 
elaborate condition in 
the Calycophorae. 

The dactylozooid 

in these forms has a 
hollow axis, and the 
lumen is continuous 
with the cavity of the 



Fi° 141 -A small Crustacean (Rhinocalanus) caught 
by a terminal hlame.it </.<) of a battery of Stephana- 
pnyes. b, The proximal eu.l of the battery with the 
most powerful nematocysts ; e, elastic band ; £ 

SrcC ,ng ,hC baU€ry ° n ‘ ,,e 


neighbouring gastrozooid. Arranged at regular intervals on the 
axis is a senes of tentacles (“ tentilla ”), and each of these supports 
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a kidney-shaped swelling, the “ cnidosac,” or battery, which is some- 

imes protected by a hood. Each battery contains an enormous 

number of nematocysts. In Stephanophyes , for example, there are 

about 1 7 0 0 nematocysts of four different kinds in each battery. At 

the extremity of the battery there is a delicate terminal filament. 

The action of the battery in Stephanophyes is, according to Chun, 1 

a very complicated one. The terminal filament lassos the prey 

and discharges its somewhat feeble nematocysts at It (Fig. 141). 

If this kills it, the dactylozooid contracts and passes the prey 

to a gastrozooid. If the animal continues its struggles, it is 

diawn up to the distal end of the battery and receives the 

discharge of a large number of nematocysts ; and if this also 

fails to put an end to its life, a membrane covering the largest 

and most powerful nematocysts at the proximal end of the 

whole battery is ruptured, and a final broadside of stinging 
threads is shot at it. 

The larger nematocysts of these batteries in the Siphonophora 

aie among the largest found in Coelenterata, being from 0'5 to 

0 1 mm. in length, and they are frequently capable of inflicting 

painful stings on the human skin. The species of Physcdia , 

commonly called “ Portuguese Men-of-War,” have perhaps the 

worst reputation in this respect, the pain being not only intense 
but lasting a long time. 

Hydrophyllia. In many Siphonophora a number of short, 
mouthless, non-sexual zooids occur, which appear to have no 
other function than that of shielding or protecting other and 
more vital parts of the colony. They consist of an axis of firm 
mesogloea, covered by a layer of flattened ectoderm, and they 
may be finger-shaped or triangular in form. In Agcdma and 
Piay a an endoderm canal perforates the mesogloea and terminates 
in a little mouth at the free extremity. In Athoria- and 
hliodophysa the hydrophyllium terminates in a little nectocalyx. 

1 neumatophore. — In all the Siphonophora, with the exception 
of the Calycophorae, there is found on one side or at one 
extremity of the colony a vesicle or bladder containing a gas, 
which serves as a float to support the colony in the water. 

1 Abh. Stncke/nb. Gcs. xvi. 1891, p. 44. 

* This gas is frequently callerl air. The gas contained in the pneumatophore of 
Phytalia was analysed hy Schloessing and Richard, C.R. c.xii. 1896, p. 615, and 
found to consist of C0 2 1*7 parts, O 15 1, nitrogen and argon, 83 2. 
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This bladder or pneumatophore is probably in all cases a much 
modified nectocalyx. It shows great variations in size and 
structure in the group. It is sometimes relatively very large, as 
in Physalia and Velella , sometimes very small, as in Physophora. 
It is provided witli an apical pore in some genera ( Bhizophysa ), 
or a basal pore in others (Auronectidae), but it is generally closed. 
In the many chambered pneumatophore of the Chondrophoridae 
there are several pores. 

In many forms two distinct parts of the pneumatophore can 
be recognised — a distal region lined by chitin , 1 probably repre- 
senting the sub-umbrellar cavity of the nectocalyx, and a small 
funnel-shaped region lined by an epithelium, the homology of 
which is a matter of dispute. It is believed that the gas 
is secreted by this epithelium. In the Auronectidae the region 
with secretory epithelium is relatively large and of a more 
complicated histological character. It is remarkable also that in 
this family the pore communicates, not with the chitin-lined 
region, but directly with the epithelium-lined region. 

There is no pneumatophore in the Calycophorae, but in 
this sub-order a diverticulum of an endoderm canal secretes a 
globule of oil which may serve the same hydrostatic function. 

The stolon is the common stem which supports the 
different zooids of the colony. In the Calycophorae the stolon 
is a long, delicate, and extremely contractile thread attached at 
one end to a nectocalyx, and bearing the zooids in discontinuous 
groups. These groups of zooids arranged at intervals 011 the 
stolon are called the “cormidia.” The stolon is a tube with 
very thick walls. Its lumen is lined by a ciliated endoderm 
with circular muscular processes, and the surface is covered with 
an ectoderm, also provided with circular muscular processes. 
Between these two layers there is a relatively thick meso<doea 
showing on the outer side deep and compound folds and grooves 
supporting an elaborate system of longitudinal muscular fibres 
In many Physonectidae the stolon is long and filamentous, but 
not so contractile as it is in Calycophorae, but in others it is 
much reduced in length and relatively stouter. The reduction 


acc u ra tel v d^ termi nod 1 ^ 1 ^ 10 n ° f substance here called “ chitin ” has not been 
and W-Jt r l e' - A " &nalysis of J wo specimens of Velella bladders gave 9*71 

that of mud n gen ’ WbiCh iS higher tha, ‘ that of cMtiu and nearer to 
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in length of the stolon is accompanied by a complication of 
structure, the simple tubular condition being replaced by a 
spongy complex ol tubes covered by a common sheath of 
ectoderm. In the Auronectidae the stolon is represented by a 
conical or hemispherical spongy mass bearing the zooids, and in 
the Rhizophysaliidae and Chondrophoridae it becomes a disc or 
ribbon -shaped pad spreading over the under side of the 
pneumatophore. 

Gonozooids. — The gonozooids are simple tubular processes 
attached to the stolon which bear the Medusae or the degenerate 

O 

medusitorm gonophores. In the Chondropuoridae the gonozooids 
possess a mouth, but in most Siphonophora they have neither 
mouth nor tentacles. In some cases, such as Anthophysa , the 
colonies are bisexual — the male and female gonophores being 
borne by separate gonozooids — but in others (e.g. Phy solid ) the 
colonies appear to be unisexual. 

As a general rule the gonophores of Siphonophora do not 
escape from the parent colony as free-swimming Medusae, but an 
exception occurs in Velella , which produces a number of small 
free-swimming Medusae formerly described by Gegenbaur under 
the generic name Chrysomitra. This Medusa has a velum, a 
single tentacle, eight to sixteen radial canals, and it bears the 
gonads on the short manubrium. The Medusa of Velella has, 
in fact, the essential characters of the Anthomedusae. 

Our knowledge of the life-history of the Siphonophora is very 
incomplete, but there are indications, from scattered observa- 
tions, that in some genera, at least, it may be very complicated. 

The fertilised ovum of Velella gives rise to a planula which 
sinks to the bottom of the sea, and changes into a remarkable 
larva known as the Conaria larva. This larva was discovered 
by Woltereck 1 at depths of 600-1000 metres in great numbers. 

It is very delicate and transparent, but the endoderm is red (the 
colour so characteristic of animals inhabiting deep water), and it 
may be regarded as essentially a deep-sea larva. The larva 
rises to the surface and changes into the form known as the 
Ratarula larva, which has a simple one - chambered pneu- 
matophore containing a gas, and a rudiment of the sail. 

In contrast to the Conaria , the Ratarula is blue in colour. 
With the development of the zooids on the under side of this 

1 Zuul. Jahrb. Sujjjtf. 190-1, j». Z47. 
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larva ( i.e . the side opposite to the pneumatophore), a definite 
octoradial symmetry is shown, there being for some time eight 
dactylozooids and eight definite folds in the wall of the 
pneumatophore. This octoradial symmetry, however, is soon 
lost as the number of folds in the pneumatophore and the 
number of tentacles increase. 

It is probable that in the Siphonophora, as in many other 
Coelenterata, the production of sexual cells by an individual is 
no sign that its life -history is com- 
pleted. There may possibly be two or 
more phases of life in which sexual 
maturity is reached. 

An example of a complicated life- 
history is found in the Calycophoran 
species Muggiaea kochii. The embryo 
gives rise to a form with a single 
nectocalyx which is like a Monophyes, 
and this by the budding of a second at 
nectocalyx produces a form that has a 
remarkable resemblance to a Diphyes , 
but the primary nectocalyx degenerates 
and is cast off, while the secondary one 
assumes the characters of the single 
Muggiaea nectocalyx. The stolon of 
the Muggiaea produces a series of 
cormidia, and as the sexual cells of the 
cormidia develop, a special nectocalyx Fig. 142.— Free-swimming Ersaea 
is formed at the base of each one * pku l' 

_ y B, B, batteries of nematocystx 

OI them, and the group of zooids is borne by the tentilla ; D , 

detached as an independent colony, 

formerly known as Eudoxia eschschol - cal >' x ; O, oleocyst ; /, t, ter- 

teii In a similar manner the cormidia 

of Doramasia picta give rise to the is lli(iden b y the gastrozooid. 

sexual free - swimming monogastric X 10 ' (After cl " m - > 

forms, known by the name Ersaea picta (Fig. 142) In these 
cases it seems possible that the production of ripe sexual cells is 
confined to the Eudoxia and Ersaea stages respectively, but it is 
probable that in other species the cormidia do not break off from 
the stolon, or may escape only from the older colonies. 

The Siphonophora are essentially free - swimming pelagic 
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organisms. Some of them (Auronectidae) appear to have become 
adapted to a deep-sea habit, others are usually found in 
intermediate waters, but the majority occur with the pelagic 
plankton at or very near the surface of the open sea. Although 
the order may be said to be cosmopolitan in its distribution, the 
Siphonophora are only found in great numbers and variety in 
the sub-tropical and tropical zones. In the temperate and arctic 
zones they are relatively rare, but Galeolnria biloba and Physo - 
pliora borealis appear to be true northern forms. The only 
British species are Muggiaea atlantica and Cupidita sarsii. 
Velella spirans occasionally drifts from the Atlantic on to our 
western shores, and sometimes great numbers of the pneumato- 
phores of this species may be found cast up on the beach. Diphyes 
sp., Phy salia sp., and Physophora borealis are also occasionally 
brought to the British shores by the Gulf Stream. 

The Calycophorae are usually perfectly colourless and trans- 
parent, with the exception of the oil-globule in the oleocyst, 
which is yellow or orange in colour. Many of the other Siphono- 
phora, however, are of a transparent, deep indigo blue colour, 
similar to that of many other components of the plankton. 

Most of the Siphonophora, although, strictly speaking, surface 
animals, are habitually submerged ; the large pneumatophores of 
Velella and Phy solid, however, project above the surface, and 
these animals are therefore frequently drifted by the prevailing 
wind into large shoals, or blown ashore. At Mentone, on the 
Mediterranean, Velella is sometimes drifted into the harbour in 
countless numbers. Agassiz mentions the lines of deep blue 
Velellas drifted ashore on the coast of Florida ; and a small 
species of blue Physalia may often be seen in long lines on the 
shore of some of the islands of the Malay Archipelago. 

The food of most of the Siphonophora consists of small 
Crustacea and other minute organisms, but some of the larger 
forms are capable of catching and devouring fish. It is stated by 
Bigelow 1 that a big Physalia will capture and devour a full- 
grown Mackerel. The manner in which it feeds is described as 
follows : — “ It floats on the sea, quietly waiting for some helpless 
individual to bump its head against one of the tentacles. The fish, 
on striking, is stung by the nettle-cells, and fastened probably by 
them to the tentacle. Trying to run aw ^y the fish pulls on the 

1 Johns Hopkins Unix. Circ. x. 1891, p. 91. 
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tentacle. 1 lie tension on its peduncle thus produced acts as a 
stimulus on apparently some centre there which causes it to 
contract. The fish in this way is drawn up so that it touches 
the sticky mouths of the squirming siphons [i.e. gastrozooids]. 
As soon as the mouths, covered as they are with a gluey sub- 
stance and provided with nettle-cells, touch the fish they stick- 
fast, a few at first, and gradually more. The mouths open, and 
their lips are spread out over the fish until they touch, so that 
by the time he is dead the fish is enclosed in a tight bag com- 
jiosed of the lips of a dozen or more siphon mouths. Here the 
fish is digested. As it begins to disintegrate partially digested 
fragments are taken into the stomachs of the attached siphons 
('gastrozooids). hen they have become gorged they detach 
themselves from the remains of the fish, the process of digestion 

is completed in the stomachs, and the nutrient fluid is dis- 
tributed. . . 

In consequence of the very unsatisfactory state of our know- 

ei ge of the life-history of the Siphonophora the classification of 
the order is a matter of unusual difficulty. 


Sub-Order I. Calycophorae. 

The character which distinguishes this sub-order is the absence 
ot Ji pneumatophore. 

The colony usually consists of a long, slender, contractile stolon 
provided at one end with one, two, or several nectocalycefer 'Upon’ 

stolon are arranged several groups t“ connidia ”) of poly- 
morpnic zooids. - ^ •*-> 

The nectoealyces have a well - developed velum, four radial 
canals and a muscular umbrella-wall. A special peculiarity of 
the nectocalyx of this sub-ofder is a diverticulum (oleocyst) from 

The function of this oil-globule is probably similar to that of 
the pneumatophore, and assists the muscular efforts of the necto 
uilj ees in keeping the colony afloat. One of the nectoealyces of 
each colony exhibits on one side a deep ectodermic fold which is 

‘t * >"*■ At **» w.to„, or 

ttachcd the end of the stolon, the whole of which with its 
numerous cormulin cun be withdm.n into the i j J 
l»t »hen (lunger threatens. The corn, idle comb,, „f * la , Bt 
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kinds of zooids : a gastrozooid with a trumpet-shaped mouth armed 
with nematocysts, a long dactylozooid provided with a series of 
tentilla, and a rudimentary gonozooid bearing numbers of male 
or female medusiform gonophores. These three kinds of zooids 
are partially covered and protected by a bent shield -shaped 
phyllozooid or hydrophyllium. 

Each of the cormidia is unisexual, but the colony as a whole 
is usually hermaphrodite, the male and female cormidia regularly 
alternating, or the male cormidia being arranged on the necto- 
calycine half and the female cormidia on the opposite half of the 
stolon. 

The families of the Calyeophorae are : — 

Fam. 1. Monophyidae. — In this family there is a single 
conical or mitre -shaped nectocalyx. The cormidia become de- 
tached as free-swimming Eudoxia or Ersaea forms. 

Sub- Fam. 1. Sphaeronectinae. — The primary nectocalyx 
persists throughout life — Monophycs and Sphaeronectes. 

Sub-Fain. 2. Cymbonectinae. — The primary nectocalyx is 
thrown off, and is replaced by a secondary and permanent necto- 
calyx — Cymbonectes, Muggiaea, and Dorcimasia. 

Fam. 2. Diphyidae. — The primary mitre-shaped nectocalyx 
is thrown off and replaced by two secondary rounded, prismatic, 
or pyramidal, heteromorphic nectocalyces. 

This family contains several sub-families, which are arranged in 
two groups : the Diphyidae Oppositae, in which the two secondary 
bells are opposite one another, and do not exhibit pronounced 
ridges ; and the Diphyidae Superpositae, in which one of the 
two secondary nectocalyces is situated in front of the other, and 
each nectocalyx is provided externally with very definite and 
often wing- like ridges. In all the Diphyidae Oppositae the 
cormidia remain attached, whereas in most of the Diphyidae 
Superpositae they become free-swimming, as in the Monophyidae. 

The sub-families of the Diphyidae Oppositae are : — 

Sub- Fam. 1. Amphicmryoninak. — O ne of the two secondary 
nectocalyces becomes flattened above to form a shield, and at the 
same time its sub-umbrellar cavity is atrophied, and its radial 

canals reduced. Mitrophyes, Atlantic Ocean. 

Sub- Fam. 2. Prayinae. — The colony exhibits a pair of large, 
obtuse nectocalyces, with a relatively small sub-umbrellar cavity. 
Pray a, Mediterranean and Atlantic. 
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Sub-lam. 3. Desmophyinae. 


Tlie colony bears a large number 
of reserve or tertiary nectocalyces arranged in two rows. Des- 
mophyes, Indian Ocean. 

Sub-Fam. 4 Stephanophyinae.— There are four nectocalyces 

arranged in a horizontal plane. Each one of the cormidia bears 
a nectocalyx which is periodically replaced. This sub-family is 
constituted for Stepharwphyes superba from the Canary Islands 
It attains a length of 25 cm., and is probably the largest and 
most beautiful of all the Calyeoplioridae. 1 

Ihe group Diphyidae Superpositae contains the following • 
bub-lam. 1 . Galeolakinae. — Galeolaria. 

Sub-Fam. 2. Diphyopsinae. — Diphyes. 

Sub-Fam. 3. Abylinae. — Abyla. 

These sub-families differ from one another in the character 
and shape of the nectocalyces and in other characters. They 

north imo th^A ? Bt ? hatiaa > and Galeolaria extending 

north into the Arctic Seas. Diphyes is British. 

Fam. 3. Polyphyidae.— The nectocalyces are numerous and 
superposed m The ^ ^ ' ' 

l^ie lainily contains the genera Polwlivr s -mH i • 

both probably cosmopolitan I.U"? 


Sub-Order II. Physophorae. 


!n tins sub -order the primary nectocalyx gives rise to 1 
definite pneumatophore. Therein, four families 

^ ® kr ^ <■*«% of the 

stolon, which in some forms pneu ™ ato P hore supporting a 

reduced to a stun m or " H Ien g th > but “ others is 

several nectocalyces hydro! °ir " * there are U8ua % found 

tentilla. 7 ’ hy<lropb y lha > gastrozooids, gonozooids, and 

The principal sub-families are ■ 

iuTSZ-™. 11“'' « lb, „ ppet end 

The other molds are a„,u "d * Z1Z° r0 “ ° f 

covered by a hvdronbvll ^ nu( * la on the stolon, each 

AgaXma and Cnpulita, Meditemnean^a 1 ^ 00 ^ 8 WMl tentilla ’ 
Apoi.EMiNAt Similar to the above,' hot without teotlll. 

Mk - *"* <7«. Frankfort, ^i. 1 89 1. 



308 


COF.LENTF.RATA IIYDR07.0A 


CHAP. 


Apolemia — this genus attains a length of two or three metres. 
Mediterranean Sea. Dicymba , Indian Ocean. 

Pkysophokinae. — T he pneumatophore larger in proportion 
than it is in the preceding families. The stolon is short, and 
bears rows of nectocalyces at the upper end. The gastro- 
zooids, dactylozooids, and gonozooids are arranged in verticils 
on the lower expanded part of the stolon. Hydrophyllia 
absent. Physophora , cosmopolitan in the areas of warm sea 
water. 

Fam. 2. Auronectidae. — The pneumatophore is large. The 
stolon is reduced to a spongy mass of tissue on the under side of 
the pneumatophore, and this bears numerous cormidia arranged 
in a helicoid spiral. Projecting from the base of the pneumato- 
phore there is a peculiar organ called the “ aurophore,” provided 
with an apical pore. This organ has been described as a specially 
modified nectocalyx, but it is probably a specialised develop- 
ment of the epithelium-lined portion of the pneumatophore of 
other Physophorae. The Auronectidae are found only at con- 
siderable depths, 300 to 1400 fathoms, and are probably specially 
adapted to that habitat. Phodalia, Stephalia, Atlantic Ocean. 

Fam. 3. Rhizophysaliidae.^-The pneumatophore is large, or 
very large, in this family. The zooids are arranged in horizontal 
rows on the under side of the pneumatophore ( Physalia] ), or in a 
helicoid spiral on a short stolon ( Epibulia ). There are no necto- 
calyces nor hydrophyllia. 

The genus Physalia is the notorious “ Portuguese Man-of-War. 
The pneumatophore is a large bladder -like vesicle, sometimes 
attaining a length of 12 cm. One species described by Haeckel 
under the generic name Caravella has a pneumatophore 30 cm. 
and more in length, and dactylozooids attaining a length of 20 
metres. It is a curious fact that only the male colonies of 
Physalia are known, and it is suggested that the female may 
have quite a different form. 1 Epibulia has a much smaller bladder 
than Physalia. Both genera have a cosmopolitan distribution 
at the surface of the warm seas. 

Fam. 4. xfhondrophoridae. — This family stands quite by 
itself in the sub-order Physophorae, and is placed in a separate 
division of the sub-order by Chun, who gives it the name TkachEO- 
physa. The essential distinguishing characters of the family are 

1 Brooks and Conklin, Johns Hopkins Univ. Circ. x. 1891, No. 88. 
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the large polythalamic pneumatophore and the single large central 
gastrozooid. 

I he colony is disc-shaped, and lias a superficial resemblance 
to a Medusa. On the upper side is the flattened pneumatophore. 
covered by a fold of tissue continuous with that at the edge of 
the disc. In Velella a vertical triangular sail or crest rises from 
the upper side, but this is absent in Porpita. 

The mouth of the gastrozooid opens into a large digestive 
cavity, and between this and the under surface of the pneumato- 
phore there is a glandular spongy tissue called the liver. The 
liver extends over the whole of the under side of the pneumato- 
phore, and sends processes round the edge of the disc into the 
tissues of its upper surface. Intimately associated with the 
liver, and penetrating its interstices, is an organ which appears 
to be entirely composed of nematocysts, derived from the ectoderm 
and called the central organ. At the margin of the disc there 
is a fringe of simple digitiform dactylozooids, and between the 
dactylozooids and the centrally placed gastrozooid are numerous 
gonozooids. Each of the gonozooids is provided with a distinct 
mouth, and bears the gonophores, which escape before the ripen- 
ing of the gonads as the free-swimming Medusae called Chryso- 
in itra. The pneumatophore consists of a number of annular 
chambers arranged in a concentric manner round the central 
original chamber formed from a modified zooid. These annular 
chambers are in communication with one another, and have each 
two pores (pneumatopyles) opening above to the exterior. The 
most remarkable feature, however, of the system is a series of 
fine branching tubes ("tracheae”), which pass from the annular 
chambers of the pneumatophore downwards into the hepatic 

mass and ramify there. * 

There are two well-known genera : Velella with a sail and 
lorjnta without a sail. They are both found at the surface of 
m warmer regions of the great oceans and in the Mediterranean 

xt 1 Z : 1 tS T t0 Rriti8h 00 “ ta f ™‘ the Atlantic 
structure I f “ much 111 ore simple octoradial 

in the Pacific Zn * ^ ° f 2600 2750 thorns 
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COELENTERATA ( CONTINUED ) : SCYPHOZOA = SCYPHOMEDUSAE 


CLASS II. SCYPHOZOA = SCYPHOMEDUSAE 

The Scyphozoa are jelly-fishes, usually found floating at or near 
the surface of the sea. A few forms (Stauromedusae) are attached 
to rocks and weeds by a stalked prolongation of the aboral region 
of the umbrella. With this exception, however, they are all, in 
the adult stage, of the Medusa type of structure, having a bell- 
shaped or discoid umbrella, from the under surface of which 
depends a manubrium bearing the mouth or (in Rhizostomata) 
the numerous mouths. 

Although many of the species do not exceed an inch or a few 
inches in diameter, others attain a very great size, and it is among 
the Scyphozoa that we find the largest individual zooids of the 
Coelenterata. Some Discophora have a disc three or four feet in 
diameter, and one specimen obtained by the Antarctic Expedition 
of 1898-1900 weighed 90 lbs. 1 The common jelly-fish, Aurelia, 
of our coasts belongs to a species that appears to be very variable 
in general characters as well as in size. Specimens obtained by 
the “ Siboga ” in the Malay Archipelago ranged from 6 to 64 cm. 
in diameter. The colour is very variable, shades of green, blue, 
brown, and purple being conspicuous in many species ; but a pale 
milky-blue tint is perhaps the most prevalent, the tissues being 
generally less transparent than they are in the Medusae of the 
Hydrozoa. The colour of the Cubomedusae is usually yellow or 
brown, but Charybdea xaymacana is colourless and transparent. 
The deep-sea species, particularly the Periphyllidae, have usually 
an opaque brown or dark red colour. The surface- swimming 

1 C. E. Borcligrevink, “First on the Antarctic Continent," 1901, |». 227. 
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forms, such as the common Aurelia , Pelagia, Cyanaea, are usually 
of a uniform pale milky-blue or green colour. Generally the 
colour is uniformly distributed, but sometimes the surface of the 
umbrella is freckled with irregular brown or yellow patches, as in 
Dactylometra and many others. There is frequently a special colour 
in the statorhabs which renders them conspicuous in the living 
jelly-fish, and the lips, or parts of the lips, of the manubrium 
have usually a different colour or tone to that of the umbrella. 

There is no reason to believe that the general colour of any 
of these jelly-fishes has either a protective or a warning signifi- 
cance. Nearly all the larger species, whether blue, green, or 
brown in colour, can be easily seen from a considerable distance, 
and the colours are not sufficiently bright or alarming to support 
the belief that they can serve the purpose of warning either fish 
or birds of the presence of a dangerous stinging animal It is 
possible, however, that the brighter spots of colour that are often 
noticed on the tips of the tentacles and on the lips may act as 
a lure or bait in attracting small fish and Crustacea. 

Some of the Scyphozoa are phosphorescent, but it is a singular 
fact that there are very few recorded observations concerning the 
phosphorescence or the absence of it in most of the species. The 
pale blue light of Pelagia noctiluca or P. phosphor a can be re- 
cognised from the deck of a ship in the open ocean, and they 

are often the most brilliant and conspicuous of the phosphorescent 
organisms. 


The food of the Scyphozoa varies a good deal. Charybdea 

and Penphylla, and probably many others with large mouths 

will capture and ingest relatively large fish and Crustacea ; but 
^rysaora lsosceles apparently makes no ^ to & 

either Copepoda or small fish, but preys voraciously upon Antho- 

medusae Leptomedusae, Siphonophora, Ctenophora, and pelagic 

worms. \ ery little is known about the food of the Ehizostomata 

i ■srs.- t t 

:r; n via the i» g .r^h zrti:: 

th.t .require. farther invention. I„ , he North TeJ ™ 
whiting are the constant gue.tn of Cy. m capillalar Over a 


2 v‘\v Xaturalisl , s. 1901, p. 27. 

I>t. ii. 1903, p. ^ iej>0rt 071 1}>C SC ° ttWd lnland Fish cries of Ireland for 1902, 
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hundred young horse-mackerel ( Caranx trachurus ) may be found 
sheltering under the umbrella of Rhizostoma pulmo. As the animal 
floats through the water the little fishes hover round the margin, 
but on the slightest alarm dart into the sub-umbrella cavity, 
and ultimately seek shelter in the sub-genital pits. 1 

Two species of fish accompany the American Medusa Dactylo- 
metra lac, tea, one a Clupeoid, the other the young of the 
Butter-fish ( Stromateus triacanthus ). According to Agassiz and 
Mayer 2 this is not an ordinary case of mutualism, as the fish 
will tear off and devour fragments of the tentacles and fringe of 
the Medusa, whilst the Medusa will in its turn occasionally 
capture and devour one of the fish. ' 

A great many of the Scyphozoa, particularly the larger kinds, 
have the reputation of being able to sting the human skin, and 
in consequence the name Acalephae 3 was formerly used to 
designate the order. Of the British species Aurelia aurita is 
almost harmless, and so is the rarer Rhizostoma pulmo ; but the 
nematocysts on the tentacles of Cyanaea , Chrysaora , and Pelagia 
can inflict stings on the more delicate parts of the skin which 
are very painful for several hours, although the pain has been 
undoubtedly greatly exaggerated in many popular works. 

The soft structure of the Medusae does not favour their pre- 
servation in the rocks, but the impressions left by several genera, 
all belonging apparently to the Ehizostomata, have been found 
in Cambrian, Liassic, and Cretaceous deposits. 

There is reason to believe that many Scyphozoa exhibit a con- 
siderable range of variation in the symmetry of the most important 
organs of the body. Very little information is, however, at 
hand concerning the variation of any species except Aurelia 
aurita , which has been the subject of several investigations. 
Browne 4 has found that in a local race of this species about 
20 per cent exhibit variations from the normal in the number of 
the statorhabs, and about 2 per cent in the number of gastric 
pouches. 

The Scyphozoa are not usually regarded as of any commercial 
or other value, but in China and Japan two species of Rhizosto- 
mata {Rhopilema esculenta and R. verrucosa') are used as food. 

1 F. W. Gamble. See E. T. Browne, Proc. Hoy. Irish Acad. 1900, p. 735. 

2 Bull. Afus. Comp. Zool. xxxii. 1, 1898, 

3 &Ka\ri<pr] = & nettle. * Bioinctrika , i. 1901, p. 90. 
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The jelly-fish is preserved with a mixture of alum and salt or 
between the steamed leaves of a kind of oak. To prepare the 
preserved food for the table it is soaked in water, cut into small 
pieces, and flavoured. It is also stated that these Medusae are 
used by fishermen as bait for file-fish and sea-bream. 1 * * 

In general structure the Scyphozoa occupy an intermediate 
position between the Hydrozoa and the Anthozoa. The very 
striking resemblance of the body-form to the Medusa of the 
Hydrozoa, and the discovery of a fixed hydriform stage in the 
life-history of some species, led the older zoologists to the con- 
clusion that they should be included in the class Hydrozoa. 
Recently the finer details of development have been invoked to 
support the view that they are Anthozoa specially adapted for a 

free-swimming existence, but the evidence for this does not 
appear to us to be conclusive. 


Ihey differ from the Hydrozoa and resemble the Anthozoa in 
the character that the sexual cells are matured in the endoderm, 
and escape to the exterior by way of the coelenteric cavity’ 
and not directly to the exterior by the rupture of the ectoderm’ 
as in all Hydrozoa. They differ, on the other hand, from the 
Anthozoa in the absence of a stomodaeum and of mesenteries. 

1 he view that the Scyphozoa are Anthozoa is based on the 
belief that the manubrium of the former is lined by ectoderm 
and is homologous with the stomodaeum of the latter ; and that 

with "the °sep“T g ^ 8 " W ° P ° UCheS are h °™H™s 


theMe/^^ /w T twith8tandlng ^eir general resemblance to 
the Medusae of Hydrozoa, can be readily distinguished from them 

by several important characters. The absence of a velum in all 

them (except the Cubomedusae) is an important and con 

spicuous character which gave to the class the name of Acraspeda 

Lr; r : »: r ■ h — ■ >» 4S 

trom that of the Craspedote Medusae (i.e. the Medusae of the 
Hydrozoa) by the fact that it contains endodermal canals 

Sense-organs are present in all Scyphozoa except some of the 

cystT)° be'arinT’st 11 ? ^ form ° f 8tatori ^ (tentaculo- 

y ), beann B statoliths at the extremity, and in many species 


I L K ;, 8hi r Uye ’.^ 0/ ; JahTb - Sy,L xii - 189 9. I>- 206. 

«'*'«• 1897,“ p. aso" TnTczriZn'YTj ^ r<ift ' rred l ° G ° ette ’ Zeitschr ' 

I > ua V^ari 0 ren, Zool, Anz. xxu. 1899, p. 31 . 
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at the base or between the base and the extremity, one or more 
eyes. These organs differ from the statorhabs of the Hydrozoa 
in having, usually, a cavity in the axial endoderm ; but as they 
are undoubtedly specially modified marginal tentacles, they are 
strictly homologous in the two classes. In nearly all the 
Scyphozoa these organs are protected by a hood or fold formed 
from the free margin of the umbrella, and this character, 
although not of great morphological importance, serves to distin- 
guish the common species from the Craspedote Medusae. It was 
owing to this character that Forbes gave the name Steganoph- 
THALMATA, or “ covered-eyed Medusae,” to the class. 

Another character of some importance is the presence in the 
coelenteric cavity of all Scyphozoa of clusters or rows of delicate 
filaments called the “ phacellae.” These filaments are covered with 
a glandular epithelium, and are usually provided with numerous 
nematocysts. They have a considerable resemblance to the 
acontia of certain Anthozoa, and are probably mainly digestive 
in function. These three characters, in addition to the very 
important character of the position and method of discharge of 
the sexual cells already referred to, justify the separation of the 
Scyphozoa from the Medusae of the Hydrozoa as a distinct 
class of Coelenterata. 

The umbrella of the Scyphozoa varies a good deal in shape. 

It is usually flattened and disc- like (Discophora), but it may 
be almost globular (Atorelld), conical (some species of Periphylla ), 
or cubical (Cubomedusae). It is divided into an aboral and a 
marginal region by a circular groove in the Coronata. The 
margin may be almost entire, marked only by notches where the 
statorhabs occur, or deeply lobed as in the Coronata and many 
Discophora. Marginal tentacles are present in all but the 
Rhizostomata, and may be few in number, four in Charybdea, 
eight in Ulmaris (Fig. 143), or very numerous in Aurelia and 
many others. The tentacles may be short ( Aurelia ), or very 
long as in Chrysaora isosceles , in which they extend for a length 
of twenty yards from the disc. 

The manubrium of the Scyphozoa is usually quadrangular in 
section, and in those forms in which the shape is modified in the 
adult Medusa the quadrangular shape can be recognised in the 
earlier stages of development. The four angles of the manubrium 
are of importance in descriptive anatomy, as the planes drawn 
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through the angles to the centre of the manubrium are called 
penadial, while those bisecting the perradial planes and passing 
therefore through the middle line of the flat sides of the manu- 
brium are called “ interradial ” 

t he free extremity of the manubrium in many Scyphozoa is 

provided with four triangular perradial lips, which may be 

simple or may become bifurcated or branched, and have fre- 
quently very elaborate 

crenate edges beset 
with batteries of nem- 
atocysts. In Pelagia 
and Chrysaora and 
other genera these lips 
hang down from the 
manubrium as long, 
ribbon - like, folded 
bands, and according 
to the size of the 
specimen may be a 
foot or more in length, 
or twice the diameter 
of the disc. 

In the Rhizosto- 
niata a peculiar modi- 
fication of structure 

takes place in the Fl °- 143.— Ulmarit prototypux. 9f Gonad ; /, interradial 

fusion of the frnp !"?. , 5 ? ie £ in S ed K P of tlle manubrium ; P , per- 

1 « ! ^ d , lal ^" al > U S ' " ,a 1 r f ,ial sense-organ; t, tentacle, 

edges of the lips to X ( After Haeckel.) 

form a suture perforated by a row of small apertures, so 
that the lips have the appearance of long cylindrical rods or 
tubes attached to the manubrium, and then frequently called 

tentaX T* ° lal annS may be further Provided with 

tentacles of varying sue and importance. In many Ehizo- 

stomata branched or knobbed processes project from the outer 
^altt-“ PPer ^ ° f thB ° ral Th - are -lied the 

The lumen of the manubrium leads into a large cavity i„ the 

tmied h' ‘ 1 ‘ WUHl,y Ca],e<1 the ^ cavity, ^and tin" is ex! 

Tlie 2 .V " ,0re ,, 1 ,telnidial W Porradial gastric pouches. 
Ihe number ol these pouches is usually four, but in this, as in 
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other features of their radial symmetry, the jelly-fish frequently 
exhibit duplication or irregular variation of the radii. 1 

The gastric pouches may extend to the margin of the disc, 

where they are united to form a large ring sinus, or they may be 

in communication at the periphery by only a very narrow passage 

(Cubomedusae). In the Discophora the gastric pouches, however, * 

do not extend more than half-way to the margin, and they may 

be connected with the marginal ring-canal by a series of branched 

interradial canals. Between the gastric pouches in these forms 

branched per rad id canals pass from the gastric cavity to the 

marginal ring canal, and the system of canals is completed by 

unbranched “ ad radial ” canals passing between the perradials and 

interradials from the sides of the gastric pouches to the ring- 
canal (Fig. 143). 

In the Discophora there are four shallow interradial pits 
or pouches lined by ectoderm on the under side of the umbrella- 
wall. As these pits correspond with the position of the gonads 
in the gastric pouches they are frequently called the “ sub-genital 
pits.” In the Stauromedusae and Cubomedusae they are con- 
tinued through the interradial gastric septa to the aboral side of 
the disc, and they are generally known in these cases by the name 
“ interradial funnels.” The functions and homologies of these 
ectodermic pits and funnels are still uncertain. 

The Scyphozoa are usually dioecious, but Chrysaora and 
linerges are sometimes hermaphrodite. The female Medusae 
can usually be distinguished from the male by the darker or 
brighter colour of the gonads, which are band-shaped, horse- 
shoe-shaped, or circular organs, situated on the endoderm ot 
the interradial gastric pouches. They are, when nearly ripe, 
conspicuous and brightly coloured organs, and in nearly all 
species can be clearly seen through the transparent or semi- 
transparent tissues of the disc. The reproductive cells are dis- 
charged into the gastric cavity and escape by the mouth. The 
eggs are probably fertilised in the water, and may be retained 
in special pouches on the lips of the manubrium until the 
segmentation is completed.” Asexual reproduction does not 
occur in the free -swimming or adult stage of any Scyphozoa. 

In some cases (probably exceptional) the development is direct. 

In Pelagia , for example, it is known that the fertilised egg gives 

1 See note 4 , p. 312. K. A. Mincliin, Proc. Zoul. Site. 1889, p. 583. 
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rise to a free-swimming Medusa similar in all essential features 
to the parent. 

In many species, however, the planula larva sinks to the 
bottom of tlie sea, develops tentacles, and becomes attached by 
its a boral extremity to a rock or weed, forming a sedentary 
asexual stage of development with a superficial resemblance to 
a Hydra. This stage is the “ Scyphistoma,” and notwithstanding 
its simple external features it is already in all essential 
anatomical characters a Scyphozoon. 

The Scyphistoma may remain as such for some time, during 
which it reproduces by budding, and in some localities it may 
be found in great numbers on seaweeds and stones . 1 

In the course of time, however, the Scyphistoma exhibits a 
ring-like constriction of the body just below the crown of tentacles, 
and as this deepens the general features of a Scyphomedusa are 
developed in the free part above the constriction. In time this 
lree part escapes as a small free-swimming jelly-fish, called an 
“ Ephyra,” while the attached part remains to repeat the process. 
In many species the first constriction is 
followed by a second immediately below it, 
then a third, a fourth, and so on, until 
the Scyphistoma is transformed into a Ions: 
series of narrow discs, each one acquiring, 
as it grows, the Ephyra characters. Such 
a stage has been compared in form to a pile 
of saucers, and is known as the “ Strobila.” 

The Ephyra differs from the adult in 

many respects. The disc is thin and fiat, FlG . 1 44. -The perisarc 
the manubrium short, the margin of the 

umbrella deeply grooved, while the stato- 
rhabs are mounted on bifid lobes which 
project outwards from the margin. The 
strobilisation of the Scyphistoma is a pro- 
cess of reproduction by transverse fission, and in some cases this 
is supplemented by gemmation, the Scyphistoma giving rise to 
a number of buds which become detached from the parent and 
subsequently undergo the process of strobilisation. 

The Scyphistoma of Nausithoe presents us with the most 

Ani.lT g r °t:!' U : t " ti0 r 0f thiS see Sir J - Da, > e R. “ R*m- ■>»<! Roniarkablo 
Animal, of ixmtland, vol. i. 1847, pll. 13, 14, 18, 19, 30. 
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tubes of a specimen of 
Spongicola JLstularis (A) 
ramifying in the skeleton 
of the Sponge Esperclla 
baurUina (Sp.), as seen 
in a macerated specimen, 
x 1. (After Schulze.) 
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remarkable example of this mode of reproduction (Fig. 144), as it 
forms an elaborate branching colony in the substance of certain 
species of sponges. The ectoderm secretes a chitinous perisarc, 
similar to that of the hydrosome stage of many of the Hydrozoa, 
and consequently Stephanoscyphus (, Spongicola ), as this Scyphi- 
stoma was called, was formerly placed among the Gymnoblastea. 
It is remarkable that, although the Scyphozoan characters of 
Spongicola were proved by Schulze 1 in 1877, a similar Scyplii- 
stoma stage has not been discovered in any other genus. 


Order I. Cubomedusae. 

Scyphozoa provided with four perradial statorhabs, each of 
which bears a statolith and one or several eyes. There are four 
interradial tentacles or groups of tentacles. The stomach is a 

c large cavity bearing four 

tufts of phacellae (Fig. 145, 
PA), situated in ter radially. 
There are four flattened 
perradial gastric pouches 
in the wall of the umbrella 
which communicate with 
the stomach by the gastric 
ostia (Go). These pouches 
are separated from one 
another by four interradial 
septa ; and the long leaf- 
like gonads are attached 

O 

by one edge to each side 
of the septa. In many 
respects the Cubomedusae 
appear to be of simple 
structure, hut the remark- 
able differentiation of the 
eyes and the occurrence of 
a velum (p. 313) suggest 
that the order is a highly specialised offshoot from a primitive stock. 

Fam. 1. Charybdeidae. — Cubomedusae with four interradial 
tentacles. 



Fro. 145.— Vertical section in thein terra dial plane 
of Tripedulia cystophora. Gastric ostia ; 

Maru, manubrium ; 77/, group of phacellae ; 
T > tentacles in four groups of three ; tent, 
perradial sense-organs; V t velum. (After 
Conan t. ) 


xiii. 1877, p. 795. 


‘ Arehiv. Mikr. Anal. 
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Charybdea appears to have a very wide geographical 

distribution. Some of the species are usually found in deep 

water and come to the surface only occasionally, hut others 

(' C • xaymacana) are only found at the surface of shallow 

water near the shore. The genus can be easily recognised by 

the four-sided prismatic shape of the bell and the oral flattened 

expansion of the base of the tentacles. The bell varies from 

2-6 cm. in length (or height) in C. marsupialis , but a giant 

form, C. grandis} has recently been discovered off Paumotu 

Island which is as much as 23 cm. in height. The colour is 

usually yellow or brown, but C. grandis is white and C. xaymacana 
perfectly transparent. 

Charybdea is a strong and active swimmer, and presents a 

very beautiful appearance in its movements through the water ; 

the quick, vigorous pulsations contrasting sharply with the 
Sluggish contractions seen in most Scyphomedusae.” It appears 
to be a voracious feeder. “ Some of the specimens taken con- 
tained in the stomach small fish, so disproportionately large in 

comparison with the stomach that they lay coiled up, head over- 
lapping tail.” 1 2 * 


^ ® r y httle 18 known of the development, but it is possible 
that 1'amoya punctata, which lacks gonads, phacellae, and canals 
m the velum, may be a young form of a species of Charybdea, 

Fam 2. Chirodropidae. — Cubomedusae with four interradial 
groups of tentacles. 

This family is represented by the genera Chirodropns from 

Atlantic and Chiropsalmvs from the Indian Ocean and the 
coast 01 North Carolina. 


Cubomedusae with four interradial 


Fam. 3. Tripedaliidae.- 

groups of three tentacles. 

The single genus and species Tripedalia cystophora has only 
been found in shallow water off the coast of Jamaica. Specimens 

th .“ for some time by Co.iant T n 

aquarium, and produced a number of free - , , 

which settled on the <Hass C, l, , , U, ' S P la,,ulae 

M™ with , L L mI T!, T" 

1 Agassiz and Mayer Man Hr,,. /*„ « . 

“ F S Conant 1/ C r P ’ ^ ' ** vl 3 - 1902 . P- 153. 

C na,,t ' iUm ■ Jaf "» Hopkins Univ. iv. 1, 1898. 
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Order II. Stauromedusae. 

This order contains several genera provided with an aboral 
stalk which usually terminates in a sucker, by means of which 
the animal is temporarily fixed to some foreign object. There 
can be little doubt that this sedentary habit is recently acquired, 
and the wide range of the characteristic features of the order 
may be accounted for as a series of adaptations to the change 
from a free-swimming to a sedentary habit. 

It is difficult to give in a few words the characters of the 
order, but the Stauromedusae differ from other Scyphozoa in the 
absence or profound modification in structure and function of the 
statorhabs. They are absent in Lucernaria and the Depastridae. 
and very variable in number in Hciliclystus. 

The statorhab of Haliclystus terminates in a spherical knob, 
which is succeeded by a large annular pad or collar bearing a 
number of glandular cells which secrete a sticky fluid. At the 
base of the organ there is a rudimentary ocellus. The number 
is very variable, and sometimes they are abnormal in character, 
being “ crowned with tentacles.” There can be little doubt that 
the principal function of these organs is not sensory but adhesne, 
and hence they have received the names “ colletocystophores an 
“ marginal anchors,” but they are undoubtedly homologous wit 1 

the statorhabs of other Scyphozoa. 

The tentacles are short and numerous, and are frequent y 
mounted in groups on the summit of digitate outgrowths from 
the margin of the umbrella. They are capitate, except m 
Tessera, the terminal swelling containing a battery of neinato 

cysts. . 

Very little is known concerning the life-history and de^eop 

ment of the Stauromedusae. . , 

Fam. 1. Lucernariidae. — Marginal lobes digitate, bearing ® 

capitate tentacles in groups. Haliclystus auricula is a common 
form on the shores of the Channel Islands, at Plymouth, an 
other localities on the British coast. It may be recognise J 
the prominent statorhabs situated in the bays between 
digitate lobes of the margin of the umbrella. Each o ^ 
marginal lobes bears from 15 to 20 capitate tentacles, 
from 2 to 3 cm. in length. The jjenus occurs in shallow wa e 
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important part in the building up of skeletal structures in 

many Alcyonana. In Clamdaria viridis and in Stereosoma a 

change in the chemical character of the mesogloea of the body- 

waUs of the polyps leads to the formation of a horny tube, 

which in the former case is built up of interlacing fibres, and in 

the latter is formed as a homogeneous sheath. In many of the 

Alcyonacea which have a compact axial skeleton the spicules 
are cemented together by a homy matrix. 1 

In the Gorgonellidae and some others the hard axis is 

formed of a horny substance impregnated with a crystalline 

form of calcium carbonate ; but in the Gorgoniidae, many of the 

1 ennatulacea and some other genera very little or no carbonate 
of Line is found in the horny axis. 

Th ® 8kel . e . t0n of , the 8 enus Heliopora differs from that of all 

In t^ a T r m ^ develo P mei >t, structure, and form 
HeJi W ° r - 8 ° 7 ^ Bourne, 1 “ the calcareous skeleton of 

Hehopora is not formed from spicules developed within cells 

but is a crystalline structure formed by crystallisation of car- 
bonate of lime, probably in the form of aragonite, in an organic 
ma rix produced by the disintegration of cells which I have 
described as mhcoblasts It is further characterised by Yts 

consist- Ur f \ pecullar form of the axial skeleton (Ficr. 155-) 
int 7 s 0 . alternate nodes mainly composed of keratin and 

S r e smnty t0 Smreo^ oYTh ^ 

bulk of the substance of tR» • , ‘ the nodes < a '>d the 

crystalline limestone/ rn ° 6S ’ 18 formed of amorphous 

The Aleyonaria exhibit a great varietv of , 
is known at present of the Chemistry of the° l0Ur ' Very KtUe 

found in the group but thev m ^ the Vdnous pigments 

two r;r enU? ^ » 

To the fonner section belong vario 16 lnsoluble Pigments. 

found in the anthocodS ^ 

genera. These are related to d,i * 7*7 coenench ym of many 

the product, not of the Alev aUd Inay lje ver y hugely 

oi the Alcyonanans themselves, but of the 

QnaH - JOUm - Mi ~- Sci. xli. 1899 , p. 521 . 

z 
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symbiotic “Algae” (cf. p. 261) they carry. A diffuse salmon- 
pink colour soluble in spirit occurs in the living Primnoa lepadi - 
fera of the Norwegian fjords, and a similar but paler pink colour 
occurs in some varieties of the common Alcyonium digitatum. 
Gilchrist 1 2 * states that when he was preserving specimens of 
Alcyonium purpureum from Cape waters a considerable quantity 


of a soluble purple pigment escaped. 

But the predominant colour of Alcyonarians is usually due 
to the insoluble pigments of the calcareous spicules. These 
may be of varying shades of purple, red, orange, and yellow. 
The colours may be constant for a species or genus, or they may 
vary in different specimens of one species, or even in different 


parts of a single colony. Thus the skeletons of Tubipora musica 
from all parts of the world have a red colour, the species of the 
genus Anthomastus have always red spicules. On the other 
hand, we find in Melitodes dichotoma red and yellow varieties in 
the same locality, and in M. cliamadcon some of the branches 
of a colony are red and others yellow. In Chironephthya 


variabilis the colour of the spicules in any one specimen varies 
considerably, but in a collection of several specimens from a single 
locality a kaleidoscopic play of colours may be seen, no two 
specimens being exactly the same in the arrangement of their 
colour pattern. The influences that determine the colour of the 
spicules is at present quite unknown, and in view of the great 
variability that occurs in this respect, colour must be regarded as 
a most uncertain guide for the determination of species, 
blue colour of the genus Heliopora is due to a peculiar pigmen 
which shows characteristic bands in the spectrum.*" 

Phosphorescence. — A great many Alcyonaria are known 0 
be phosphorescent. Moseley says that “All the Alcyonarians 
dredged by the * Challenger ’ in deep water were found to^^ 
brilliantly phosphorescent when brought to the surface, 
phosphorescence of the common British Pennatula phosp orea 
has attracted more attention than that of any other species, 
and has been well described by Panceri, Forbes, and ot iera 
Forbes 8 says, “ The pen is phosphorescent only when irritate 
touch ; the phosphorescence appears at the place touche , 


1 Quoted by Hickson, Marine Investigations, S. Africa , iii. 1904, p* 

2 O. C. Bourne, Phil. Trans. Roy. Roc. clxxxvi. 1895, B. p. 464. 

s Quoted by Marshall, Oban rennatvtida, 1882, p. 49. 
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rachlfh,,? 161 ' 06 ^ an ' ,uduktill 8 '™^The extremit^TuTe 

raclus, but never in the opposite direction ; it is only the parts 
at and above the point of stimulation that show phosphorescence 
e light is emitted for a longer time from the point of s mmla 
tion than from the other luminous narts ■ i 

show phosphorescence. When plunged in fresh water the' Pel 
natula scatters sparks about in all direetions-a most’ £u25 

the ^rgTns IT, T °? lm ° n that the mesenteric filaments were 

cause and localisation THr’ light T tlest ^ ^ 

further investigation. ' g H C ° lonleS re 1 uires 

but^f^S: that ab ° Ut the f °° d ° f A %onaria, 

and niiMte krVae 

preserved Alcyonarif are • f" tle coelenteric cavities of 

them, although fragments oTcTf’ ^ 18 Veiy mrely f ° und in 
sionally been seen T b/ a PP enda g<* have occa- 

filaments. Experimenting * ° arl ‘°° d of the mesenteric 

Pratt * has found that the zooM« Ahy °™ um Miss 

organisms of a surface -net !,?“■“ ^ 8wallow various small 

swallow finely minced fraemenf TT ^ th&t tbe ^ wil1 also 
they reject many kinds of fish t n ‘ USde ° f fish > but that 

extra - tropical species the snT^fi • nian >’ tro pical and some 
inter-mesenterial spaces of the T' T CaDal s ^ 8tem s and the 

Zooxanthellae, anS^^^ ‘ ^ M “ b “ ° f 

cases with a decided degeneration of th !r aSS0Clated ln some 

has been suggested that these symbiotic « a? ° rgan8 ' Tt 
materials after the manner of toL, , A % ae prepare food 

by the hosts, but it appears £ “1 b, T the8B are absorb ^ 
source of food supply i s Lfficien/ T 6 a,ly case this 

mented in some degree by food ol ! "T* P r ° bab1 ^ be supple- 
digested in the coelenteric cLity. a " led by the mouth - and 
The question whether the Alr'v^r»«~* 
part of the dietary of fish or other Can f ° rm an im P orta nt 

economically important. Fragments C J‘™ 1V ° rous anilnal8 ma y be 

have been found in the *toaJ^£ ^ * eamtulid Vir 9ularia 
this exception there is no evidence th t d ° ther fish ’ but With 

or even occasionally preyed unnn 1 g6nus 18 systematically 

y P jed upon by any animal. With a very 

Quart. Joum. ificr. Set. xlix. , 905 , p. 327. ' 
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few exceptions Alcyonaria show no signs of having been torn, 
bitten, or wounded by carnivorous animals. It is improbable 
that the presence of nematocysts in the tentacles can account for 
this immunity, as it is known that some predaceous animals do 
feed upon Coelenterates provided with much larger nematocysts 
than any Alcyonarian possesses. All Alcyonaria, however, have 
a characteristic disagreeable odour, and it is possible, as in many 
other cases, that this is accompanied by an unpleasant taste. 
But if the Alcyonaria themselves are immune, it is possible that 
their large yolk-laden eggs may form a not unimportant source 
of food supply. In places where large colonies flourish, an 
immense number of eggs or embryos must be discharged into the 
water during the spawning season, and of these only a minute 
fraction can survive long enough to found a new colony. 

Reproduction. — The formation of colonies by gemmation has 
frequently been mentioned above. The young buds of a colony 
arise from the endoderm canals in the body-wall of the zooids, w 
the general coenenchym, or in the stolon. They never arise 
from evagination of the coelenteric cavities of the zooids. Theie 
is no evidence that fission of a colony to form secondary c0 ^ 01 *^ 
ever occurs. Gemmation leads to the increase in the nuin * 
of zooids forming a colony, but not to an increase in the num 


single 


of colonies. 

Fission of the zooids is of extremely rare occurrence , » 
case, however, has been recorded by Studer in the genus 
Sexual reproduction usually occurs once in a year ; it is oU ^ 
whether it ever occurs continuously. The colonies appear o 
nearly always dioecious, only one case of hermaphroditism * ^ 
yet been recorded. 1 The ova and sperm sacs are usuall) fc> rine * r 

matured on the six ventral mesenteries, rarely on the orsa ^ 

of mesenteries (Fig. 148, B) as well. The spawning season ^ 
with the locality. Alcyonium digitatum spawns at I ymou 
the end of December, and somewhat later at Port nn. ^ 
Pennatulid Renilla and the Gorgonid Leptogoi'gia spawn i j iter . 
summer months on the coast of North America. In the 
ranean Alcyonium palmatum spawns in September an 
(Lo Bianco), Gorgonia cavolinii in May and June. 

1 Corallium nobilt appears to be the exception to this rule, as it is 
colonies and even individual zooids arc occasionally hennaphro 1 
Duthiers, “Hist. Nat du Corail,” 1864, p. 127. 
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It is not known for certain when the fertilisation of the ova 

is effected, but in Alcyonium digitatum, and in the majority of 

the Alcyonarians, it probably takes place after the discharge of 

the ova from the zooids. A few forms are, however, certainly 

viviparous, the larvae of Gorgonia capensis being retained within 

the coelenteric cavity of the parent zooid until they have grown to 

a considerable size. The other viviparous Alcyonarians are Cored- 

hum Me { de Lacaze Duthiers), the “ Clavulaires petricoles” 
and oympodium coralloides (Marion 

and Kowalevsky), and three species 
of Nephthya found at depths of 
269 to 761 fathoms (Koren and 
Danielssen). The general features 
of the development are very similar 
in all Alcyonarians that have been 
investigated. The egg contains a 
considerable amount of yolk, and 
undergoes a modified form of seg- 
mentation. The free-swimming larva 
is called a “sterrula.” It consists 
of an outer layer of clear ciliated 

ectoderm cells, surrounding a solid Flo 150 

endodermic plasmodium containing - **' — .P lanula ” larva 
the yolk. As the yolk is consumed 

by an invagination of the ectoderm t t 7 formed 

° f *• — - « r “t:: & 

Classification. — The sub-class AWn™,-;, 
be classified as follows 7 a may conveniently 



~ , . — x iai va 

ot Alcyonium digitatum. Ec 
Ectoderm ; Kn^, endoderm. 


Grade A. Protalcyonacea. 

Grade B. Synalcyonacea. 

Order 1. Stolonifera. 
Order 2. Coenothecalia. 
Order 3. Alcyonacea. 
Order 4. Gorgonacea. 
Order 5. Pennatulacea. 
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Grade A. Protoalcyonacea. 


This Grade includes those genera which, like many sea- 
anemones, do not reproduce by continuous gemmation to form 
colonies. 

Several genera have been described, and they have been 
placed together in one family called the Haimeidae. 

Haimea funebris , M. Edwards, was found off the coast of 
Algeria ; H. kyalina, Koren and Danielssen, in Norway ; Hartea 


elegans , Wright, from the Irish coast ; Monoxenia darwinii , 
Haeckel, from the Red Sea, and a large new species found by 
the “ Siboga ” Expedition in deep water off Ceram. All these 
species, however, are very rare, and there is no satisfactory 
evidence at present that they remain solitary throughout life. 


Grade B. Synalcyonacea. 

The sub-division of the Synalcyonacea into orders presents 
many difficulties, and several different classifications have been 
proposed. Only two orders of the five that are here recognised 
are clearly defined, namely, the Coenothecalia, containing the 
single living genus Heliopora , and the Pennatulacea or Sea-pens; 
the others are connected by so many genera of intermediate 
characters that the determination of their limits is a matter of 
no little difficulty. 

Order I. Stolonifera. 

( These are colonial Alcyonaria springing from a membranous 
or ribbon-like stolon fixed to a stone or some other foreign 
object. The body-walls of the individual zooids may be free or 
connected by a series of horizontal bars or platforms (auto- 
thecalous) ; never continuously fused as they are in other orders 
(coenothecalous). 

In the simplest form of this order, Sarcodictyon catenatum 
Forbes, the ribbon-like strands of the stolon meander over the 
surface of stones, forming a red or yellow network, from the 
upper surface of which the clear transparent anthocodiae of the 
zooids protrude. When retracted the anthocodiae are drawn 
down below the surface of the general coenenchym, and their 
position is indicated by small cushion-like pads on the stolon- 
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Sarcodictyon is found in depths of 10 to 22 fathoms in the Irish 

Sea off the west coast of Scotland, the Shetlands, and off the 
Lddystone Lighthouse, South Devon. 

Another very important genus is Tubipora, in which the 
tubular body-wall of each zooid is very much longer in proportion 
to its diameter than it is in Sarcodictyon , and the anthocodia is 
retracted not into the stolon, but 

into the basal part of the body- 
wall. The zooids are connected 
together by horizontal platforms 
on which new zooids are formed by 
gemmation. Both horizontal plat- 
forms and the body-walls of the 
zooids are provided with a skeleton 
of fused spicules of a red colour. 

This genus is the well-known 
Organ -p ipe cora l, and is found some- 
times in immense quantities on the 

coral reefs of both the old and new 
world. 

It may be seen in pools on the 
edge of the reefs at low tides in 
colonies frequently a foot or more 
in diameter. The tentacles are 

often of a bright emerald green colour, and as the anthocodiae 
expanded in the clear water they contribute a brilliant 
p ch of colour to the many beauties of their surround 
mgs. When the coral is disturbed, or the water R h allow' 
and the anthocodiae are retracted, the dull red colour of the 

tentacles. g a% ** P ,a “ ° f the bri ght green of the 

8ent I ed i on P t°h bable f tha r tlUR ° rder ° f was better repre- 

history than tt at JZnf ^ ^ ^ 

stmt., JS" u lt ’rr li, “ s * oi » a " d »«'" 

horizon tal p JL„„ tlL fTl. “ P ‘*“ « «» 

fro.,, wiiid, „cw """ 1 “ 7 mi ‘ " 1 ™ 

bars are found in h 1 ° Similar connecting 

lound m the recent Ctavvlana ( Hicks, nUa, Delate) 


Fio. 151. Tubipora musica , a young 
colony growing on a dead Madre- 
pore branch (M). Up , The con- 
necting horizontal platforms ; p , «, 
tlie skeletal tubes of the zooids ; 
St, the basal stolon. 
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viridis of the East Indian reefs (Fig. 153). Other fossil forms 
belonging to the order are Favosites , a very abundant coral of 
the Upper Silurian rocks, and possibly Columnaria. 



Fig. 1 52. — Syringnpora, a fossil. Fig. 153 .— Clavularia (Hicksonia) viridis, with 
showing autothecalous tubes (th), creeping stolon and transverse connec ing 

funnel-shaped tabulae (tab), and tubes, 

tubular cross-bars (t). 

The principal families of the Stolonifera are : — 

Fam. 1. Cornulariidae. — Without spicules; Comularia , Lamarck, 

Mediterranean ; Stereosoma , Hickson, Celel>es. 

Fam. 2. Clavulariidae. — Clavularia , Quoy and Oaimard ; Sarco 

dictyon , Forbes, British ; Sympodium , Ehrb ; Synngopora , 
Gold fuss, fossil. 

Fam. 3. Tubiporidae. — Tubipora , Linnaeus, tropical shallow water. 

Fam. 4. Favositidae. — Favosites , Lamarck ; Syringolites , Hin e > 

Stenopora , King. 


Order n. Coenothecalia. 

This order contains the single genus and species ITeliopor a 
coerulea among recent corals, but was probably represented by a 
large number of genera and species in earlier periods. 
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j is found at the present day in many localities in the warm 

shallow waters of the tropical Pacific and Indian Oceans. It 
usually flourishes on the inside of the reef, and may form masses 
A of stone five or six feet in diameter. The coral may easily be 
recognised, as it is the only one that exhibit's a blue colour. 
This colour usually penetrates the whole skeleton, but in some 
forms is absent from the superficial layers. 

/ T he skele ton consists of a number of parallel tubes with 
) imperforate walls, which are fused together in honey-comb 
( fas hion. On making a vertical section through a branch of the 
coral it is found that the tubes are divided into a series of 
chambers by transverse partitions or “ tabulae.” The soft living 
tissues of the coral, the zooids and coenosarc, are confined to the 
terminal chambers, all the lower parts being simply dead cal- 
careous skeleton supporting the living superficial layer. Among 
the parallel tubes there may be found a number of larger 
chambers that seem to have been formed by the destruction ot 
the adjacent walls of groups of about nineteen tubes. These 
chambers are provided with a variable number of pseudo -septa 
and have a remarkable resemblance to the thecae of some 
Zoanthanan corals. That Heliopora is not a Zoantharian coral 
was first definitely proved by Moseley, who showed that each of 
these larger chambers contains an Alcyonarian zooid with eight 
pinnate tentacles and eight mesenteries. The zooids arise 
Irom a sheet of coenosarc that covers the whole of the livinu 
branches of the coral mass, and this sheet of coenosarc bears a 
plexus of canals communicating on the one hand with the zooids 
and on the other with a series of blind sacs, each of which 
occupies the cavity of one of the skeletal tubes as far down as 
the first tabula. The zooids of Heliopora are very rarely 
expanded during the day-time, and it has been fold very 
difficult to get them to expand in an aquarium. The coral 
however, „ frequently infested with , tubicolous worm allied to 
the genu, u Wo™, which freely expands and pro jee„ ,1* 

localities that it haa actually. hTTZl h.^r ' “ " 
be regarded «« « u \ u gg e steci that Heliopora should 
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There is very strong reason to believe that certain fossil 
corals were closely related to Heliopora ; that Heliopora is in 
fact the solitary survivor of a group of Alcyonarian corals that 
in past times was well represented on the reefs, both in numbers 
and in species. The evidence is not so convincing that other 
fossil corals are closely related to Heliopora, and their true 

zoological position may remain a matter for surmise. The order 
may be classified as follows : — 


Fain. 1. Heliolitidae. 1 — Coenothecalia with regular, well- 

developed septa, generally twelve in number, in each calicle. 

Heliolites, Dana, Silurian and Devonian. Cosmiolithus, Lind- 

strom, Upper Silurian. Proheliolites, Klaer, Lower Silurian. 

I laemopora, Edwards and Hairne, Upper Silurian. Propora, 

E. and H., Tipper Silurian. Camptolithus, Lindstrom, Upper 

Silurian. Diploepora, Quenst, Upper Silurian. Pycnolitlius, 
Lindstrom, Upper Silurian. 

Fam. 2. Helioporidae. 2 — Coenothecalia with small irregularly 
arranged coenosarcal coeca, and a variable number of septa or 
septal ridges. Heliopora, de Blainville, recent, Eocene and Upper 

Cretaceous. Polytremacis, d’Orbigny, Eocene and Upper Cretaceous. 
Octotremacis , Gregory, Miocene. 

The family Coccoseridae is regarded by Lindstrom as a 
sub-family of the Heliolitidae, and the families Thecidae and 
Chaetetidae are probably closely related to the Helioporidae. 


Order III. Alcyonacea. 

This order contains a large number of genera of great variety 
of form. The only characters which unite the different genera 
aie that the body- walls of some groups of zooids, or of all the 
zooids, are fused together to form a common coenenchym pene- 
trated by the coenosarcal canals, and that the spicules do not 

fuse to form a solid calcar eous , or horny and calcareous, axial 
skeletal support. ” 

The affinities with the order Stolonifera are clearly seen in 
the genera Xenia, and Telesto. Some species of Xenia form 
flattened or domed colonies attached to stones or corals, with 
non -retractile anthocodiae and body -walls united for only a 

1 G. Lindstrom, If, null. k. Snmsk. l r et. Aka,!, xxxii. 1899. 

‘ J * W * Grc o°ry, Proc. Hoy. Soc. lxvi. 1899, j». 291. 
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short distance at the base. Young Xenia colonies are in fact 
Stolonifera in all essential characters. In 'Telesto prolifera we 
find a network of stolons encrusting coral branches and other 
objects after the manner of the stolons of many species of Clavu- 
laria, although the zooids do not arise from these stolons singly, 

but in groups, with their body-walls fused together for a certain 
distance. In Telesto rubra the 
spicules of the body-walls are fused 
together to form a series of per- 
forated tubes very similar in some 
respects to the tubes of Tuhipora. 

A remarkable genus is Coelo- 
fjorgia. Here we find a branching 
colony arising from a basal stolon, 
and the axis of the main stem and 
of each branch consists of a single 
very much elongated zooid bearing 
on its thickened walls the branches 
of the next series and other zooids. 

It is true that in this genus there 
is very little fusion of neighbour- 
ing zooids, and the amount of true 
coenenchym is so small that it can 
hardly be said to exist at all. 

Bourne 1 has united this genus with 
felesto into a family Asiphonacea, 
which he joins with the Penna- 
tulida in the order Stelechotokea ; 
but their affinities seem to he closer 
with the Alcyonacea than with the 
Pennatulacea,from which they differ 
in many important characters. 

RriH? AT" 118 Alcyo ™ m not onl y contains the commonest 

wSelv df Trr ( diffitatum > but ^ one of the most 
vft 7 distributed genera of all Alcyonaria that occur in shallow 


Fig. 154 .—Alcyonium digitatum, , a 
single-lohed .specimen, with some of 
the zooids expanded. 


wa Jr in Ti and Loh °P h yt>na occur in shallow 

consist f f TV thG 0W W ° rld - The former frequently 
consists of huge toad -stool shaped masses, soft and spongy in 

G. C. Bourne, Lankcstcr's Treatise on Zoology, j.t. ii. 1900, “ Anthozoa," j,. 26. 
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consistency, of a green, brown, or yellow colour. On some reefs 
the colonies of Sarcophytum form a very conspicuous feature, and 
from their very slimy, slippery surface, add to the minor dangers of 
wading in these regions. Both genera are dimorphic. Some species 
of the genus Scleropliytum } which occur in the Indian Ocean, are 
so hard and brittle that they might readily be mistaken for a 
Zoantharian coral. This character is due to the enormous 
number of tightly packed spicules borne by the coenenchym. 
Some of these spicules in S. querciforme are 7 mm. x 1*7 mm.; 

the largest, though not the longest ( vide p. 335) of any spicules 
occurring in the order. 

Another very important genus occurring on coral reefs, and 
of very wide distribution, is Spongodes. This genus forms bushy 
and rather brittle colonies of an endless variety of beautiful 
shapes and colours. Arising from the neck of each anthocodia 
there are one or two long, sharp, projecting spicules, which give 
the surface a very spiny or prickly character. 

The genera Siphonogorgia and Chironeplithya form large 
brittle, branching colonies which might readily be mistaken for 
Gorgonians. The strength of the branches, however, is mainly 
due to the large, densely packed, spindle-shaped spicules at the 
surface of the coenenchym, the long coelenteric cavities of the 
zooids penetrating the axis of both stem and branches. 
Siphonogorgia is usually uniformly red or yellow in colour. 
Chironeplithya , on the other hand, exhibits a great variety of 
colour in specimens from the same reef, and indeed in different 
branches of the same colony. 

Fam. 1. Xeniidae. — Alcyonacea with non -retractile zooids. 
Spicules very small discs, usually containing a relatively small 
proportion of lime. 

Xenia , Savigny ; Indian Ocean and Torres Straits. Hetero- 
xenia , Kolliker ; Red Sea, Cape of Good Hope, and Torres Straits. 

Fam. 2. Telestidae. — Colonies arising from an encrusting 
membranous or branching stolon. The erect stem and branches 
are formed by the body-walls of two or three zooids only, from 
which secondary zooids and branches of the next order arise. 

Telesto , Lamouroux, widely distributed in warm waters of the 
Atlantic, Pacific, and Indian Oceans. The genus Fascicularia t 
Viguier, from the coast of Algiers, seems to be related to Telesto , 

1 E. M. Pratt, Fauna and Geotjr. Maidive Arehip. ii. pt. i. 1903, p. 516. 
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but the groups of zooids are short, and do not give rise to 
branches. 

Fam. 3. Coelogorgiidae. — The colony arborescent, attached by 
stolon-like processes. The stem formed by an axial zooid with 
thickened body-walls. Branches formed by axial zooids of the 
second order, and branchlets by axial zooids of the third order, 
borne either on two sides or in spirals by the main stem. Genus 
Coelogorgia, Zanzibar. 

Fam. 4. Alcyoniidae. — The colonies of this family are usually 
soft and fleshy, and the spicules, evenly distributed throughout 
the coenenchym, do not usually fuse or interlock to form a 
continuous solid skeleton. They may be unbranched or lobed, 
never dendritic in form. The principal genera are: — Alcyonium , 
Linnaeus, cosmopolitan, but principally distributed in temperate 
and cold waters. Alcyonium digitatum is the commonest British 
Alcyonarian. It is found in shallow water, from the pools left at 
low spring tides to depths of 40 or 50 fathoms, at most places 
on the British shores. It is stated by Koehler to descend into 
depths of over 300 fathoms in the Bay of Biscay. There are two 
principal varieties ; one is white or pale pink in the living con- 
dition, and the other yellow. In some localities the two varieties 
may be found in the same pools. Another species, Alcyonium 
glomeratum , placed in a distinct genus (. Rhodophyton ) by Gray 
and distinguished from the common species by its red colour and 
long digitate lobes, is found only off the coast of Cornwall 
Paralcyonium, Milne Edwards; Mediterranean. Scleroplnytum, 
Pratt; sometimes dimorphic, Indian Ocean. Scircophytum, 
Lesson; dimorphic, principally tropical. Lobophytum , Maren- 
zel er ; dimorphic, tropical. Anthomastus , Verrill ; dimorphic 

Atlantic Ocean deep water. Acropkytum, Hickson; dimorphic’ 
Cape of Good Hope. r 

1 1 ^ * ii • . . Colonies dendritic. Usually soft and 

flexible in consistency. Nephthya, Savigny ; Indian and Pacific 

Oceans Spongodes, Lesson ; widely distributed in the Indian and 
Pacific Oceans. 

Fam. 6. Siphonogorgiidae. Colonies often of considerable 

v. !!? tlC -. Spicules usual ‘y ^ge and abundant, giving a 
tiff bntUe consistency to the stem and branches. Siphonogorgia, 

Kolliker ; Ked Sea, Indian, and Pacific tropics. Chironephthya, 

Vright and Studer ; Indian and Pacific Oceans. Lemnalin, 
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dray ; Zanzibar. - Agaricoides , Simpson; 1 
fathoms. 


Indian Ocean, 400 


Order IV. Gorgonacea. 

This order contains a very large number of dendritic and 

usually flexible corals occurring in nearly all seas and extending 

from shallow waters to the very great depths of the ocean. A 

large proportion of them are brightly coloured, and as the 

piincipal pigments are fixed -in the spicules, and are therefore 

preserved when the corals are dead and dried, they afford some 

of the most attractive and graceful objects of a natural history 
museum. 

I he only character that separates them from the Alcyonacea 

is that they possess a skeletal axis that is not perforated by the 

coelenteric cavities of the zooids The coelenteric cavities are 

usually short. The order may conveniently be divided into two 
sub-orders. 


Sub-Order 1. Pseudaxonia. — 

The axis in this sub-order consists of numerous spicules tightly 
packed together, or cemented together by a substance which is 
probably allied to horn in its chemical composition. This sub- 
stance may be considerable in amount, in which case it remains 
after decalcification as a spongy, porous residue ; or it may be so 
small in amount, as in Corallium, that the axis appears to be 
composed of solid carbonate of lime. The statement is usually 
made that the axis is penetrated by nutritive canals in certain 
genera, but the evidence upon which this is based is unsatisfactory 
and in some cases unfounded. There can be no doubt, however, 
that in some genera the axis is porous and in others it is not, 
and this forms a useful character for the separation of genera. 

Fam. 1. Briareidae. — The medullary substance consists of 
closely packed but separate spicules embedded in a soft horny 
matrix, which is uniform in character throughout its course. 
Nearly all the genera form dendritic colonies of considerable size. 

The principal genera are : — Solenocaulon, Gray ; Indian Ocean 
and North Australia. Many of the specimens of this genus have 
fistulose stems and branches. The tubular character of the stem 
and branches is probably caused by the activity of a Crustacean, 

1 Zool . Anz. xxix. 1905, p. 2G3 
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A/pheus, and may be regarded as of the nature of a gall- 
formation. 1 Paragorgia , M. Edwards; Norwegian fjords, in deep 
water. This genus forms very large tree-like colonies of a ruby- 
red or white colour. It is perhaps the largest of the dendritic 
Alcyonarians. It is dimorphic. Spongioderma , Kolliker ; Cape 
of Good Hope. The surface of this form is always covered by 
an encrusting sponge. Iciligorgia , Ridley ; Torres Straits. The 
stem and branches are compressed and irregular in section. 

Fam. 2. Sclerogorgiidae. — The * medullary mass forms a 
distinct axis consisting of closely packed elongate spicules with 
dense horny sheaths. 

Suberogorgici, Gray, has a wide distribution in the Pacific 

Ocean, Indian Ocean, and the West Indies. Keroetdes, W. and S., 
comes from Japan. 

Fam. 3. Melitodidae. — The axis in this family exhibits a 
series ot nodes and internodes (Fig. 155), the former consisting 
of pads formed of a horny substance 
with embedded spicules, the latter of a 
calcareous substance with only traces 
of a horny matrix. The internodes 
are quite rigid, the nodes however give 
a certain degree of flexibility to the 
colony as a whole. Neither the nodes 
nor the internodes are penetrated by 
nutritive canals, but when dried the 
nodes are porous. 

The principal genera are: — Mclitodes , 

Verrill ; widely distributed in the 
Indian and Pacific Oceans, Cape of 
Good Hope, etc. This genus is in 
some localities extremely abundant and 
exhibits great brilliancy and variety of 
colour. The branching is usually dicho- 
tomous at the nodes. Wrightella , Gray. 

This is a delicate dwarf form from Flc - 1 to.—MelUodes dichotomn, 
Mauritius and the coast of South 
Africa.^ Parish , Verrill ; Pacific Ocean 

from Formosa to Australia but not very common. One species 
from Mauritius. The branches arise from the internodes. 

1 s. . 1 . Hickson, Fa, out ami l} e ,„j. ilahlive Archip. ii. ,,t. i. 190:i, 49S. 



— vh/im It j 

showing the swollen nodes 
and the internodes. 


352 


COELENTERATA — ANTHOZOA 


CHAP. 


Fam. 4. Coralliidae. — The axis is formed by the fusion of 
spicules into a dense, solid, inflexible, calcareous core. 
q, / Cor allium , Lamarck. Corallium nobile , Pallas, the “ precious 
coral,” occurs in the Mediterranean, chiefly off the coast of North 
Africa, but also on the coasts of Italy, Corsica, Sardinia, and it 
extends to the Cape Verde Islands in the Atlantic Ocean. C. 
japonicum , Kishinouye, called Akasango by the fishermen, occurs 
off the coast of Japan, and C. reginae, Hickson, has recently been 
described from deep water off the coast of Timor. 1 The genus 
Pleurocoral Hum, Gray, is regarded by some authors as distinct, 
but the characters that are supposed to distinguish it, namely, 
the presence of peculiar “ opera-glass-shaped spicules,” and the 
occurrence of the verrucae on one side of the branches only, are 
not very satisfactory, The following species are therefore placed 
by Kishinouye 2 in the genus Corallium : — C. elatius , Ridley 
(Momoirosango) ; C. konojoi , Kishinouye (Shirosango) ; C. boshu- 
ensis, K. ; C. sulcatum, K. ; C. inutile, K. ; and C. pusillum, K., — 
all from the coast of Japan. Of the coral obtained from these 
species, the best kinds of Momoirosango vary in price from £30 
per pound downwards according to the quality. The Shirosango 
is the least valuable of the kinds that are brought into the 
market, and is rarely exported. 3 Three species of Corallium 
( Pleurocorallium ) have been described from Madeira, 4 and one 
of these, C. johnsoni , has recently been found in 388 fathoms off 
the coast of Ireland. 5 Other species are C. stylasteroides , from 
Mauritius ; C. confusum , Moroff, 6 from Sagami Bay in Japan ; and 
an undescribed species obtained by the “ Siboga,” off Djilolo. 
These corals range from shallow water to depths of 300-500 
fathoms. Pleurocoralloides , Moroff, differs from the others in 
having very prominent verrucae and in the character of the 
large spindle-shaped and scale-like spicules. It was found m 
Sagami Bay, Japan. Specimens attributed to the genus Pleuro- 
corallium have been found fossil in the white chalk of trance, 
but Corallium has been found only in the tertiaries.' 


1 Hickson, K. Akad. Wet . Amsterdam , 1905. 

5 Jaunt. Imp. Fish. Bureau , Tokyo, xiv. 1, 1904. 

* Kitahara, Journ. Imp. Fish. Bureau , Tokyo, xiii. 3, 1904. 

4 Johnson, Proc. Zool. Soe. 1899, p. 57. 

5 Hickson, Nature, lxxiii. 1905, j*. 5. 

0 Moroff, Zool. Jahrb. Syst. xvii. 1902, p. 404. 

7 Ridley, Proc. Zool. Soc. 1882, |>. 231. 
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Sub-Order 2. Axifera. 

t&z'zsz ot r “ ; f b h T ■ “ 

been observed to take p« *“ 1°°^ “I'** SI " C “ Ie * 

suggested that as the Axifpm rmation. It has been 

from that of the Pseudaxonia 177 7 ° f descent distinct 

order. Apart from the character o/The ^ 77 “ * Separate 

it is better to rejrd 7e tt" ?? ^ ailato ^ that 
tiie Gorgonacean limit. It j R ° • descent as united within 

groups sprang independently fro Very lm probable that the two 

Fam 1. Isidae -Tb,? , , “ 8tolonife ™ a ancestor. 

i» which the axis is composed ' of 7 th ° Se Axifera 

internodes of calcareous substani “ a ‘ e " 0<les ° f h »™ »<l 

«• r *:z:z 1 £•££**„ ■*** of „a„ r Of 

Pseudaxonia. I n both thp ^elitodulae among the 

coelenteric cavities short £ 't 0 *'™ 1 '** thin and the 
observed between the structure' oTthl^ differences have been 
and now that we know that the - i ° f the tW0 famil ies, 

do not perforate the nodes H t v ® canals ” of Melitodes 
left between the coenoslical ^ n ° imp ° rtant difference 

method of calcification of the intern^ ' ^7 The Structure and 
very similar. The main d^erenl S ° f the , tW ° *“»*« are 
nodes of the Isidae are purely h 7v ^ ^ is thafc the 

the horny substance of the nodes con ta 7 “* the Me litodidae 
The principal genera aT-/^ ^reous spicules. 

This genus forms substantial fan-shined T" 8 ' : Patific 0c ean. 

a thick coenenehyrn, short sto.n • / louies W1 th, relatively 
nodes Mopsea, Lamouroux • Coal ^ , and black horny 
are club-shaped and are arrayed „ The verrucae 

i Candl “> Principally found Tn 1 ^ r ° Und the 8t em. 

Ocean but also in the Pacific T, P Water in the Atlantic 

brandies arise from the nodes Mor^ T^ 8 “ re long and th e 
deep water, some in very deeu w-,f ° f t ,e 8pecies occl 'r in 

fathoms). I u this and the follow iT 1600 to 1700 

VOL. I following genera the coenenehyrn is 

2 A 
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thin and the zooids imperfectly or not retractile. Ceratoisis, 
Wright; Atlantic Ocean, extending from shallow to deep water. 
The branches arise from the nodes. Chelidonisis, Studer; deep 
water off the Azores. Isidclla, Gray ; Mediterranean Sea. 
Bathygorgia, Wright; off Yokohama, 2300 fathoms. This genus 
is unbranched, with very long internodes and short nodes. The 
zooids are arranged on one side only of the stem. 

Fam. 2. Primnoidae. — This is a well-marked family. The 
axis of the colonies is horny and calcareous. The coenenchym 
and the noil-retractile zooids are protected by scale-like spicules, 
which usually overlap and form a complete armour for the pro- 
tection of the soft parts. On the aboral side of the base of each 
tentacle there is a specialised scale, and these fit together, when 
the tentacles are folded over the peristome, to form an operculum. 

The principal genera are : — Pri?nnoa f Lamouroux ; Atlantic 
Ocean, occurring also in the Norwegian fjords. This genus is 
usually found in moderately deep water, 100 to 500 fathoms. 
Primnoella, Gray. This genus seems to be confined to the 
temperate seas of the southern hemisphere. It is unbranched. 
The zooids are arranged in whorls round the long whip- like 
stem. Plumarclla, Gray ; southern hemisphere, in moderately 
deep water. This is branched pinnately in one plane. The 
zooids are small and arise at considerable intervals alternately 
on the sides of the branches. Stenella , Gray ; widely distributed 

in deep water. The zooids are large and are arranged in whorls 
of three situated at considerable distances apart. Stachyodes, 
W. and S. ; Fiji, Kermadecs, Azores, in deep water. Colony 
feebly branched. Zooids in regular whorls of five. Other 
genera belonging to this group of Primnoidae are Thouarella , 
Gray, and Amphilaphis , Antarctic seas. 

The following genera are placed in separate sub-families.— 
Callozostron , Wright; Antarctic Sea, 1670 fathoms. The axis 
is procumbent and the zooids are thickly set in rows on its 
upper surface. The zooids are protected by large imbricate 
scales, of which those of the last row are continued into long 
spine-like processes. Ccdyptrophora, Gray ; Pacific Ocean, m 
deep water. The base of the zooids is protected by two remar 
ably large scales. Primnoides , W. and S. ; Southern Ocean. 
The opercular scales are not distinctly differentiated and t ie 
calyx is therefore imperfectly protected. 
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Film. 3 Chrysogorgiidae. 1 — The axis in this family is com 
posed of a horny fibrous substance with inteistratified calcareous 

gTvestff’r^t jfke PnngS t P kte > which sometimes 

gives off root-like processes. It may be unbranched or branched 
ich a way that the branches of the second, third, and subse 

it 2" rr in tur r tho di ™ im ° f »“ £ 

mam axis. The axis is frequently of a metallic iridescent 
appearance. The zooids usually arise in a single straight or 
spiral row on the branches, and are not retractile g The 

“*T ^ thin. The epiculcs very considerably but if, 

S-XSw Sf °“ 1 ' - h »- 

““ - *• — — «»d tit fteTu,“.bt 

f :irt' e sr.f ::: x b r h t 

“ £- n" f 

oil the zooids always large. ? MeUdl. branched - Spicules 
Ocean, 400 to 900 fathoms t*. i °^ ur 9 l ^> ^ ersluys ; Atlantic 

(monopodial). Iridogorgia, 'verrill ^Spi^i ^ *' n ] branched 

chym thick. STd tnd t t “ °“ e Coenen- 

coenenchym. ’ ' Mono P od ial stem and thick 

great variety of S?* T^ spTcules'Se^ofte 7 ’ 6Xhibiting vel T 
project beyond the surface of the ectoderm • ^ Spiny ’ aud 
rough appearance. A great nun.W f ’ gmUg the tol <my a 

tXvir - «“ ^r ra i7 f .x d tuS 

revision of tins family, see Ve rs , uy3 , ^ ^ ^ 
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large, cylindrical, and spiny. V-illogorgia , D. and M. ; widely 
distributed. Delicate, graceful forms, with thin coenenchym. 
Echinomuricea , Verrill ; Mur icon , Lamouroux ; Paramuricea , 
Kbll ; Acamptogorgia , W. and S. ; Bebryce, Philippi. 

Fam. 5. Plexauridae. — In this family we find some of the 
largest and most substantial Gorgonids. The axis is usually 
black, but its horny substance may be impregnated with lime, 
particularly at the base. The coenenchym is thick, and the 
zooids are usually completely retractile, and the surface smooth. 

The species of the 

f family are princi- 

pally found in 
shallow water in 
warm or tropical 




W&fo ce lla ’ YerrilL With 

Fig. 156. — ICunicella envoi ini. Some branches of a large . lover of 

dried specimen, showing a gall formed by a Cirripede. ® * * 

peculiar torch- 
shaped spicules. The only British species of this order is 
Eunicella cavolini (formerly called Gorgonia verrucosa). It 13 
found in depths of 10 to 20 fathoms off the coast of the 
English Channel and west of Scotland. Occasionally specimens 
are found in which a gall like malformation with a circular 
aperture is seen, containing a Barnacle. Such gall formations, 
common enough in some species of Madreporaria, are rarely 
found in Alcyonaria. 

Fam. 6. Gorgoniidae. — This family contains some of the 
commonest and best-known genera of the order. They usually 
form large flexible branched colonies with delicate horny axes 
and thin coenenchym. The zooids are usually completely 
retractile. 

The principal genera are : — Gorgonia , Linn. This genus 


XIII 


ALCYONARIA — GORGON ACEA 


357 


includes Gorgonia (. Rhipidogorgia ) flabellum , the well-known fan 
Gorgonia with intimately anastomosing branches, from the warm 
waters of the Atlantic Ocean. The genera Eugorgia , Verrill, and 
Leptogorgia , Milne Edwards, differ from Gorgonia in the char- 
acter of the spicules. In Xipliigorgia , Milne Edwards, from the 
West Indies, the branches are much compressed, forming at 
the edges wing-like ridges, which bear the zoopores in rows. 
Malacogorgia , Hickson, has no spicules. Cape of Good Hope. 

Fam. 7. Gorgonellidae. — In this family the horny axis is 
impregnated with lime. The surface of the coenenchym is 

usually smooth, and the spicules small. The colonies are some- 
times unbranched (Jun- 

cella). In the branching 
forms the axis of the 
terminal branches is 
often very fine and 
thread-like in dimen- 
sions. 

The principal genera 
are : — Gorgonella , with 
a ramified flabelliform 
axis ; Ctenocella , with 
a peculiar double-comb 
manner of branching ; 
and Juncella, which 
forms very long un- 
branched or slightly 

branched colonies, with Fl0< 157 *— Verrucdla guatlaloupensis, with an epizoic 
club - shaped spicules. Brlttle star of similar colou r. 

All these genera are found in shallow water in the tropical or 
semi-tropical regions of the world. Verrucella is a genus with 
delicate anastomosing branches found principally in the shallow 
tropical waters of the Atlantic shores. Like many of the Gorgo- 
nacea, with branches disposed in one plane (flabelliform) Verrucella 
frequently carries a considerable number of epizoic Brittle stars, 
which wind their flexible arms round the branches, and thus 
obtain a firm attachment to their host. There is no reason to 

. in any sense parasitic, as a 

specimen that bears many such forms shows no sign of injury or 

degeneration, and it is possible they may even be of service to 




358 


COELENTERATA ANTIIOZOA 


CHAP. 


the Verrucella by preying upon other organisms that might be 
injurious. An interesting feature of the association is that the 
Brittle stars are of the same colour as the host, and the knob- 
like plates on their aboral surface have a close resemblance to 
the verrucae (Fig. 157). 


Order V. Pennatulacea. 

The Sea-pens form a very distinct order of the Alcyonaria. 
They are the only Alcyonarians that are not strictly sedentary 
in habit, that are capable of independent movement as a whole, 

and exhibit a ^bilatera l symm etry 
of the colony. No genera have 
yet been discovered that can be 
regarded as connecting links between 
the Pennatulacea and the other 
orders of the Alcyonaria. Their 
position, therefore, is an isolated one, 
and their relationships obscure. 

The peculiarities of the order are 
due to the great growth and modi- 
fication in structure of the first 
formed zooid of the colony. This 
zooid (Oozooid, Hauptpolyp, or Axial 
zooid) increases greatly in length, 
develops very thick fleshy walls, 
usually loses its tentacles, digestive 
organs, and frequently its mouth, 
ex hibits profound m odi fi cation of-i ts 
system of mes enteries, and in other 
waysTecomes adapted to its func- 
tion of supporting the whole colony. 
The axial zooid shows from an 
IS e!lr] y sta & e ° f development a division 

authocodia of the axial zooid, into two regions : a distal region 
gersen!) suppresse<1 * ( After Jnn * which produces by gemmation on 

the body- wall numerous secondary 
zooids, and becomes the rachis of the colony ; and a proximal 
region which becomes the stalk or peduncle, and does not pro- 
duce buds (tig. 158). The secondary zooids are of two kinds: 



Fio. 158. — Diagram of a Sea-pen. L 
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the autozooids and the siphonozooids. The former have the 
ordinary characters of an Alcyonarian zooid, and produce sexual 
cells ; the latter have no tentacles, a reduced mesenteric system, 
and a stomodaeum provided with a very wide siphonoglyph. 

The arrangement of the autozooids and siphonozooids upon 
the axial zooid is subject to great modifications, and affords the 
principal character for the classification of the order. In the 
Pennatuleae the autozooids are arranged in two bilaterally 
disposed rows on the rachis, forming 
the leaves or pinnae of the colony (Fig. 

158). The number in each leaf in- 
creases during the growth of the colony 
by the addition of new zooids in regular 
succession from the dorsal to the ventral 
side of the rachis 1 (Fig. 159). In 
other Pennatulacea the autozooids are 
arranged in rows which do not unite to 
form leaves ( Funicvlina ), in a tuft at 
the extremity of a long peduncle 
( Umbellula), scattered on the dorsal side 



of the rachis ( Renilla , Fig. 1G0), or 
scattered on all sides of the rachis 
( Cavernularia , Fig. 161). In those 
forms in which the autozooids are 
scattered the bilateral symmetry of the 
colony as a whole becomes obscured. 
The siphonozooids may be found on the 


Fig. 159. — Diagram of a portion 
of a rachis of a Sea-pen. nut, 
The rows of autozooids ; 1-6, 
the order of age of the auto- 
zooids composing a leaf ; /), 
the dorsal side of the rachis ; 
St\ the siphonozooids ; T, the 
ventral side of the rachis. 
(After Jungersen.) 


leaves ( Pteroeides ), but more frequently between the leaves or 


rows of autozooids, or scattered irregularly among the autozooids. 


Usually the siphonozooids are of one kind only, but in Pen- 
natvla murrayi there is one specially modified siplionozooid at 
the base of each leaf, 2 which appears to have some special but 
unknown function. 


In Umbellula gracilis eacli siplionozooid hears a single pinnate 
tentacle, and in some other species of the same genus there is 
a tentacle which is not pinnate. 3 


1 Jungersen ( Danish Ingulf Expedition, Pennatulida, 1904) has shown that this 
is the correct nomenclature of the regions of the rachis. Nearly all other authors 
describe the dorsal side as ventral and the ventral as dorsal. 

S. J. Hickson, Report British Association (South] >ort Meeting), 19015, ]». 6S8. 

3 Marshall, Trans. Roy. Soc. Edinh. xxxii. 188:5, p. 143. 
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The zooids and coenenehym are usually protected by a crust 
of coloured or colourless, long, smooth, needle-like, calcareous 
spicules, situated principally in the superficial layer, so as to leave 
the subjacent tissues soft and spongy in texture. In some cases 
the spicules are smooth double clubs, rods, discs, or irregular 
gianules, and in Sarcophyllum , Chunella , some species of Umbcllula 
and others, there is no calcareous skeleton. The tuberculated 
spindles, so common in other Alcyonaria, are not found in any 
species. In. most genera a horny, or calcified horny rod is 
embedded in the central part of the axial polyp, serving as a 
backbone or support for its muscles. It is absent, however, in 
llenilla , and reduced or absent in Cavernularia . 

The sexual organs are borne by the mesenteries of the auto- 

zooids only, and each colony is either male or female. There is 

no leC0I( l of hermaphroditism in the order. The eggs contain 

a considerable amount of yolk, and fertilisation is effected in the 

sea-water after their discharge. The segmentation is irregular, 

and the free-swimming ciliated larva (of llenilla ) shows the 

rudiments of the first buds from the axial polyp before it settles 
down in the mud. 

The Sea-pens are usually found on muddy or sandy sea- 

bottoms, from a depth of a few fathoms to the greatest depths of 

the ocean. It is generally assumed that their normal position is 

one with the peduncle embedded in the mud and the racliis erect. 

1 ositive evidence of this was given by Rumphius, writing in 

1741, in the case of Virgularia rumphii and V. juncea at 

Amboina, 1 and by Darwin in the case of Stylatula danvinii at 
Bahia Blanca. 2 

“At low water,” writes Darwin, “hundreds of these zoophytes 
might be seen projecting like stubble, with the truncate end 
upwards, a few inches above the surface of the muddy sand. 
When touched or pulled they suddenly drew themselves in with 
force so as nearly or quite to disappear.” 

It is not known whether the Pennatulids have the power of 
moving from place to place when the local conditions become 
unfavourable. It is quite probable that they have this power, 
but the accounts given of the Sea-pens lying flat on the sand do 
not appear to be founded on direct observation. The fable of 

1 Rumphius, Amboinsclie Rariteitkamcr , 1741, p. 64. 

2 Darwin, Naturalist's Voyayc round the World, 1845, p. 09. 
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Pennatula swimming freely "with all its delicate transparent 
polypi expanded, and emitting their usual brilliant phosphorescent 
light, sailing through the still and dark abyss by the regular and 
synchronous pulsations of the minute fringed arms of the whole 
polypi, appears to be based on a statement made by Bohadseli in 
1761, and picturesque though it be, is undoubtedly erroneous. 

The brilliant phosphorescence of many species of Pennatulacea 
has been observed by many naturalists, and it is very probable 
that they all exhibit this property to some degree. The phos- 
phorescence appears to be emitted by the mesenteric filaments 
of the autozooids, but it is not yet determined whether the 

distributed 11 “ C ° nfined t0 theS6 ° rganS 0r is more generally 

The Pennatulacea are usually devoid of epizoites, but occa- 
sionally the parasitic or semi-parasitic Entomostracan Lamippe is 
ound in the zooids. A small crab is also frequently found 
between the large leaves of species of Pteroeides. The most 
remarkable case of symbiosis, however, has recently been observed 
in the form of an encrusting Gymnoblastic Hydroid 1 living on 
the free edge of the leaves of a species of Ptilosarcus. 

The order Pennatulacea is divided into four sections. 

Sect 1. Pennatuleae.— In this section the colony is distinctly 
b.JateraUy symmetrical, and the autozooids are arranged in rows 
with their body-walls fused to form leaves. 

The genus Pteroeides, the representative genus of the family 
Pteroeididae, is a fleshy Sea-pen found in shallow sea water in 
he warm waters of the Pacific Ocean and in the Mediterranean 
It has large leaves with long spiny, projecting spicules and the 
siphouozooids are borne by the leaves. Pennatufa, the ’represen- 

illllin d t he M fami 7 i y PeDnatulidae . llas a wider distribution 
species found i \i 7 en ^atul<i phosphorea is a common British 

off ou ’coal it I ! 8 10 *? 20 fUth ° mS in ““*7 localities 

in the hVr ri md ° nificent found in Norwegian fjords, 

i« depthT™ ~ ■ “v 2 ^ th ' r her “ r ts ° f “*■ 

to l-o 5 fathoms. Specimens have been 

“Siboga^Ex,, edition. ^ f ° rthconiin g Rt ‘P°rt on tbe gennatulidae of the 
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obtained no less than 2^- feet in length. P. murrayi and P. 
naresi are species of the genus found at depths of a few hundred 
fathoms in tropical seas. 

The genus Virgularia , belonging to the family Virgulariidae, 
is represented in the British seas by V. mirabilis, a long slender 
Sea-pen found in many localities off the Scottish coasts. 

Sect. 2. Spicatae. — This section includes those Sea-pens in 
which the autozooids are arranged bilaterally on the axial zooid 
in rows or more irregularly, but do not unite to form leaves. It 
is a large section and contains many widely divergent genera. 

The family Funiculinidae is represented on our coasts by 
Funiculina quadrangular is, a long and slender Sea-pen 2 to 3 
feet in length. The autozooids are arranged in oblique rows, 
and the siphonozooids are on the ventral side of the rachis. 
There is one point of special interest in this genus. The 
siphonozooids appear to change as the colony grows and to 
become autozooids. If this is the case it may be more correct to 
describe the genus as devoid of true siphonozooids. 

The family Anthoptilidae contains the species Anthoptilum 
grandiflarum , which has a wide distribution in depths of 130 to 
500 fathoms in the N. and S. Atlantic Ocean. It is perhaps the 
largest of all the Pennatulacea, specimens having been obtained 
from the Cape of Good Hope over 4 feet long with expanded 
autozooids, each more than half an inch in length. 

The family Kophobelemnonidae contains a number of forms 
with remarkably large autozooids arranged in irregular rows on 
the two sides of the rachis. The siphonozooids are numerous 
and scattered, and their position is indicated by small papillif° rin 
calices on the coenenchym. The surface of these pens is usual ) 
rough, owing to the presence of numerous coarse projecting 
spicules. Kophobelemnon occurs in the Mediterranean in deep 
water, off the coasts of Ireland and Scotland, and in other regions. 

The family Umbellulidae contains some of the most remarkable 
and interesting examples of the deep-sea fauna. The peduncle is 
very long and the rachis stunted and expanded. The autozooids 
are of great size, non-retractile, and arranged in a cluster or 
rosette on the terminal rachis. There is a wide structural range 
between the species. Some species have numerous large spicules, 
others have none. In some species the siphonozooids have a 
single pinnate or digitate tentacle, in others the siphonozooids 
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are of the usual type. Umbdlula appears to be a somewhat rare 
but cosmopolitan genus in deep water, extending from the Arctic 
to the Antarctic region in water ranging from 200 to 2500 
fathoms. 

The interesting genus Chunella was discovered by the German 

“ Valdivia ” Expedition at a depth of about 420 fathoms off the 

coast of E. Africa, and subsequently by the Dutch “Siboga” 

Expedition at a depth of about 500 fathoms in the Malay 

Archipelago. According to Kiikenthal, 1 this genus with another 

closely allied genus Amphianthvs should form a new section of 

Pennatulacea, the Verticilladeae. Chunella lias a long and very 

delicate rachis and peduncle, and the former terminates in a 

single autozooid and has five or six whorls of three autozooids, 

situated at considerable distances from one another. Spicules are 

absent. The full description of this genus has not yet been 

published, but it is clear that it occupies a very isolated position 
in the order. 

Sect. 3. Renilleae. — This section contains a single family 
Renillidae and a single genus Renilla (Fig. 160). The rachis 



Fig. 160. Renilla reniformis , a small specimen (34 

^ P fi Ule< L rachis ' au ^ oz °oi < l J //, the mouth 
bt, the short stalk. (After Kolliker.) 


mm.), showing the dorsal side of the 
of the axial zooid ; s, siphonozooid ; 


IS expanded into a flattened cordate form set at an angle to the 
peduncle, and the zooids are confined to the dorsal surface, which 
s uppermost in the natural position of the colony. The peduncle 
s snort and does not contain an axial skeleton. The colour of 

Zool. Am. xxv. 1902, p. 302. 


1 
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this Sea-pen is usually violet when dried or preserved. Specimens 
of Remlla are very abundant in shallow water in some localities 
on the Atlantic and Pacific coasts of N. America, but the genus 
has also been obtained from the Red Sea and the coast of Australia. 
A popular name for this genus is “ Sea pansy.” 

Sect. 4. Veretilleae. — This section contains a number of geuera 
in which the bilateral arrangement of the zooids is obscured by their 
gradual encroachment on the dorsal side of the axial polyp. The 
iachis and peduncle are thick and fleshy, and the autozooids and 



Fio. 161. Cavernularw obesa. Au, autozooid ; Si, siphonozooid ; St, stalk. 

(After Kdlliker.) 

siphonozooids are irregularly distributed all round the rachis. 
The genus Cavernularia is not uncommonly found in moderate 
depths of water in the Indian and Pacific Ocean, and is distin- 
guished from the other genera by the reduction of the skeletal 
axis. Other genera are Veretillum, Mediterranean and Atlantic 
Ocean, and Lituaria , Indian Ocean. 



CHAPTER XIV 


ANTHOZOA ( CONTINUED ) : ZOANTHARIA 


Sub-Class II. Zoantharia. 


The Zoantharia exhibit a great deal more diversity of form and 
structure than the Alcyonaria. The sub-class is consequently 
difficult to define in a few words, and it may be taken to include 
all the Anthozoa which do not possess the typical Alcyonarian 
characters. 



All the orders, with the exception of the Antipathidea and 
Zoanthidea, contain genera of solitary zooids, and the orders 
Edwardsiidea and Cerianthidea contain no genera that form 
colonies. In the Madreporaria, Zoanthidea, and Antipathidea, 
on the other hand, colonies are formed composed of a very large 
number of individuals which frequently attain to a very great 
size. The term “ Sea-anemone ” is commonly used in writing 
about the solitary Zoantharia which do not form any skeletal 
structures, and the term “ Coral ” is 

mm ™ 

which do form a skeleton. 

In a scientific treatise, however, these popular terms can no 
longer be satisfactorily employed. The “ Sea-anemones ” exhibit 
so many important differences in anatomical structure that they 
must be placed in at least three distinct orders that are not 
closely related, and the organisms to which the term Coral has 
been applied belong to so many organisms — such as Alcyonaria, 
Hydrozoa, Polyzoa, and even Algae — that its use has become 
indeterminate. 

Whilst these terms must disappear from the systematic part 
of Zoology, they may still be employed, however, in the description 
of a local fauna or coral reef to signify the soft solitary zooids on 


applied to all those Zoantharia 
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the one hand, and the organisms, animals or plants, which form 
large, massive skeletons of carbonate of lime, on the other. 

Ihe form of the solitary zooids and of the colony of zooids in 

the Zoantharia, then, may be very divergent. In the Actiniaria 

we find single soft gelatinous zooids of considerable size adherent to 

rocks 01 half- buried in the sand. Among the Madreporaria we 

find gieat branching colonies of thousands of zooids supported by 

the copious skeleton of carbonate of lime that they have secreted. 

Among the Antipathidea, again, we find a dendritic skeleton of a 

daik horny substance, formed by a colony of small zooids that 

cover it like a thin bark. The majority of the Zoantharia are, 

like other zoophytes, permanently fixed to the floor of the ocean. 

Where the embryo settles, there must the adult or colony of 

adults remain until death. Some of the common Sea-anemones 

can, however, glide slowly over the surface on which they rest, and 

thus change their position according to the conditions of their 

sunoundings. Others (the Minyadidae) float upside down in the 

sea, and are carried hither and thither by the currents. Others, 

again ( Ccrianthus , Edwardsia , Peacliia ), burrow in the sand or 
mud at the sea-bottom. 

Ihe structure of the zooid varies considerably, but in the 
following characters differs from the zooid of the Alcyonaria. 

The tentacles are usually simple finger- 
like processes, and when they bear 
secondary pinnae these can readily 
be distinguished from the rows of 
secondary pinnules of the Alcyonarian 
tentacle. The number of tentacles 
is very rarely eight (young Halcampa), 
and in these cases they are not 
pinnate. The number of tentacles 
may be six (many Antipathidea and 
some zooids of Madrepora ), twelve 

F, 0 (B) 62 pi 7 ,^sft eitod"' of SS ( Mad repora), some multiple of six, or 
nodeadron piumosum. Large an indefinite number. In the Th alas- 

tentacles of™". 'ylm^raTum. siilnt hidae and some other families of 
(After Haddon.) Actiniaria the tentacles are plumose, 

but do not exhibit the regular 
pinnate form of the tentacles of Alcyonaria. 

Asj^egardsthe number of mesenteries, the Zoantharia exhibit 
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very great variety. It has been shown that there is frequently 
a stage in their development during which there are only eight 
mesenteries. This stage is usually called the Edwardsia stage. 
These eight mesenteries are arranged in bilateral pairs as 
follows: — One pair is attached to the body-wall and reaches 
to the dorsal side of the stomodaeum, and is called the pair of 
dorsal directives ; a corresponding pair attached to the ventral 
side of the stomodaeum is called the pair of ventral directives. 
The other two pairs are the lateral mesenteries. To these four 
pairs are added, at the close of the Edwardsia stage, two additional 
pairs, making in all twelve mesenteries (cf. Fig. 1G3). 

These six primary pairs of mesenteries, conveniently called 
the “ protocnemes ” by Duerden, may be traced in the develop- 
ment and recognised in the adult of the majority of Zoantharia. 
But the number of the mesenteries is usually increased in the 
later stages by the addition of other mesenteries called the 
“ metacnemes.” The metacnemes differ from the protocnemes 
in that they usually appear in unilateral pairs, that is to say, 
in pairs of which both members arise on the same side of the 
stomodaeum, and the number is very variable throughout the 
group. The space enclosed by a pair of mesenteries is called an 
“ entocoele,” and the space between two pairs of mesenteries is 
called an “ ectocoele.” 

The twelve protocnemes are usually complete mesenteries, that 
is to say, they extend the whole distance from the body-wall to 
the stomodaeum, while the metacnemes may be complete or in- 
complete ; in the latter case extending only a part of the distance 
from the body-wall towards the stomodaeum. 

We find, therefore, in making a general survey of the anatomy 
of the Zoantharia that there is no general statement to be made, 
concerning the number or arrangement of the mesenteries, which 
holds good for the whole or even for a considerable portion of the 
genera. 

The bands of retractor muscles are, as in the Alcyonaria, 
situated on one face only of the mesenteries (except in the 
Antipathidea and Cerianthidea), but an important character of 
the Zoantharia is that the muscle bands on the ventral pair 
of directives are situated on the dorsal faces of these mesenteries, 
and not on the ventral faces as they are in Alcyonaria. 

I 11 the Edwardsiidea there are only eight complete mesenteries, 
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but a variable number of other rudimentary and incomplete 
mesenteries have recently been discovered by Faurot . 1 In the 
Zoanthidea the mesenteries are numerous, but the order is 
remarkable for the fact that the dorsal directives are incomplete, 
and that, of the pairs of metacnemes that are added, one mesentery 
becomes complete and the other remains incomplete. In most of 
the genera of the Antipathidea there are only ten mesenteries, 
but in Leiopathes there are twelve, and as they bear no bands 



dd 



DD 




Fia. 163.— Diagrams of transverse sections of 1, Alcyonarian ; 2, Ethrardsia ; 3, Cere 
anthus ; 4. Zoantkus r R Fn*in • a rw. , 


ji - « , , " ’ w i/i i y Aic^umu iitii j /yr/rtt/cwic* 9 r 

ancnns ; 4, Zoantkus ; 5, /arm ; 6, Matlrepvra. 1)1), the dorsal directive nicscn 

antral directives ; I- ]’/, the ptotocnemes in order of sequence. 


teries ; VD , the ventral 


of retractor muscles it is difficult to determine accurately their 
true relation to the mesenteries of other Zoantharia. 

In the Cerianthidea the mesenteries are very numerous, and 
increase in numbers by the addition of single mesenteries alter- 
nately right and left in the ventral infer- mesenteric chamber 

throughout the life of the individual. These mesenteries do 
not bear retractor muscles.. 

In the Actiniaria and AJadreporaria, with the exception of 
the genera Madrepora,. Porites, and a few others, there are also 
very many mesenteries. The two pairs of directives are usually 
present, but they may not occur in those zooids that are produced 

1 Faurot, Arch. Zool. E^,tr. 3rd ser. iii. 189f>. p. 71. 
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asexually by fission (see p. 388). The metacnemes are fre- 
quently formed in regular cycles, and in many genera appear 
to be constantly some multiple of six (Fig. 163, 5 ). 

In Madrepora and Porites 1 the two pairs of directives and 
two pairs of lateral protocnemes are complete ; the other two 
pairs of protocnemes are, however, incomplete ; and metacnemes 
are not developed (Fig. 163, 6 ). 

The stomodaeum is usually a flattened tube extending some 
distance into the coelenteric cavity and giving support to the 
inner edges of the complete mesenteries ; in many of the 
Madreporaria, however, it is oval or circular in outline. In 
most of the Actiniaria there are deep grooves on the dorsal and 
ventral sides of the stomodaeum, but in Zoanthidea the groove 
occurs on the ventral side only and in the Cerianthidea on the 
dorsal side only. In the Madreporaria these grooves do not occur 
or are relatively inconspicuous . 2 In the Alcyonaria the siphono- 
glyph exhibits a very marked differentiation of the epithelium 
(sec ig. 148, p. 334), and the cilia it bears are very long 
ain powerful. It has not been shown that the grooves 'in 
ie Zoantharia show similar modifications of structure, and they 
are called by the writers on Zoantharia the sulci. There is no 
ifference in structure, and rarely any difference in size, between 

the dorsal sulcus and the ventral sulcus in the Actiniaria, and 

the use of the word— sulculus— for the former is not to be 
commended. 

fihmL 6 1 “ terW ^ UP ° n th6ir free ed ® es the ~teric 
filaments. These^ organs are usually more complicated in 

• t uctnre than the corresponding organs of the Alcyonaria, and 

LIT 1 ? f a, . r ° f * laraen ts >8 not specialised for respiratory 
purposes as it is in that group. * 

In many genera the mesenteric filaments bear long, tl.read- 
ke processes the “ acontia ’’-armed with gland tils and 
nematocysts which can be protruded from the mouth or pushed 
through jppial holes (the “ cinclides ”) in the body-wall. 

Tlie^fTads in the Zoantharia are borne upon the sides of the 
mesenteries and are usually in the form of long lobed ridges 

instead of being spherical in form, and situated at the edges of 
the mesenteries as they are in the Alcyonaria. 

1 Duenlen, Mem. Acad. Washington , 3rd Ser. viii. 1902. 

V0I j * D uerden, l.c. p. 436. 

2 B 



370 


CO ELEN TER AT A ANTHOZOA 


CHAP. 



Nearly all the zooids and even the colonies of the Zoantharia 
are unisexual, but some species, such as Manicina areolata 
(Wilson), Meandrina labyrinthica (Duerden), Cerianthxts mem - 
branaceus, and others, are hermaphrodite. Mr. J. S. Gardiner has 

recently given reasons for believing that the genus Fiabellum 
is protandrous. 

/ Skeleton. — The soft tissues of the Zoantharian zooids may 
be supported or protected by hard skeletal structures of various 
kinds. In the Zoanthidea, and the Actiniaria there are many 
species that have no skeletal support at all, and are quite naked. 
These seem to be sufficiently well protected from the attacks of 
carnivorous animals by the numerous nematocysts of the 
ectoderm, and perhaps in addition by a disagreeable flavour in 
their tissues. Anemones do not seem to be eaten habitually by 
any fish, but cases have been described of Peachia hastata being 
found in the stomach of the Cod, and of Edwardsia in the 
stomach of the Flounder . 1 On the Scottish coasts Anemones are 
occasionally used with success as a bait for cod . 2 The body- 


wall of Edwardsia , however, is protected to a certain extent 
by the secretion of a mucous coat in which grains of sand and 
mud are embedded. Some Anemones, such as Urticina , Peachia , 
and others, lie half-buried in the sand, and others form a cuticle, 
like that of Edwardsia , to which foreign bodies are attached. 

' O 

Cerianthus is remarkable for constructing a long tube com- 
posed of a felt-work of discharged nematocysts mixed with mud 
and mucus, into which it retires for protection. In the Zoanthidea 
the body-wall is frequently strengthened by numerous and 
relatively large grains of sand, which are passed through the 


ectoderm to lie in the thick mesogloea. 

In the Madreporaria a very elaborate skeleton of carbonate of 
lime is formed. In the solitary forms it consists of a cup-shaped 
outer covering for the base and column of the zooid called the 
“ theca,” of a series of radial vertical walls or “ septa ” projecting 
into the intermesenteric chambers carrying the ^j^dermal 
lining of the coelenteric cavity with them, and M some 
cases a pillar, the “ columella,” or a series of smaller pillars, the 
“ pali ” projecting upwards from the centre of the base of the 


1 M ‘In tosh, “The Marine Invertebrates and Fishes of St. Andrews, 1875, IT* 
37, 38. 

2 M'lntosli, “The Resources of the Sea," 1899, p]>. 10, 129. 
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theca towards the stomodaeum. In the colonial forms the theca 
ot the individual zooids is continuous with a common colonial 
skeleton called the “ coenosteum.” This is solid in the Imper- 
forate corals, and it supports at the surface only a thin lamina 
of canals and superficial ectoderm. In the Perforate corals, 
however, the coenosteum envelopes and surrounds the canals 
during its formation, and thereby remains perforated by a 
network of fine channels. In the colonial Madreporaria the 

skeletal cups which support and protect the zooids are called 
the “ calices.” 


The skeleton of the Antipathidea is of a different nature, 
ft is composed of a horny substance allied to keratin. When 
it is old and thick, it usually has a polished black appearance 
and is commonly termed “black coral.” The surface of this 
kind of coral is ornamented with thorny or spiny projections 

U va 1S perf ° rated hy calices or canal systems. It forms 
a solid axis for the branches of the corals, and all the soft parts 

Ot the zooids and coenosarc are superficial to it. 

It was formerly considered that this type of coral, which 
s ows no trace of the shape and form of the living organisms 
ia produce it, is of a different character to the calcareous 
skeleton winch exhibits calices, septa, pores, and other evidence 
of the living organism, and it was called a “ sclerobase ” to 
distinguish it from the " scleroderm ” of the Madreporaria 

It is now known that both the sclerobasic skeleton and the 

m, Skelet0n are P roduc ts of the ectoderm, and conse 

quently these expressions are no longer in general use 

Asexual reproduction in the Zoantharia may be effected bv 
continuous or discontinuous fission or gemmation 7 

say in nl Mwardsudea - Actiniaria, and Cerianthidea, that is to 
. 7 V ,! 6 ai . U,nals Popularly known as Sea-anemones asexual 
production does not commonly occur, but nevertheless a pond 
many instances of it are now known in inAi a i 

occurs in the West Indian a , aen states ^ iat 

A still more remSkahW Al * emones ^Hnotryx and Mcordea. 

transverse fission bn a re P roducti on known as 

In Z If fte body b o? D ib d T lbed " the g6nUS 

l y Anemone becomes constricted in 

H. Proulio, Arch. Zool. Exptr. 2nd ser. ix. 1891, p. 247. 
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the middle, a circlet of tentacles is formed below the constriction, 
and division takes place. The upper half floats away with the 
original tentacles and stomodaeum and becomes attached by 
the base in another place ; the lower half remains behind and 
develops a new stomodaeum, mesenteric filaments, and sexual 
organs. In some of the Actiniaria another form of asexual 
reproduction occurs, known as “ Pedal laceration.” In the 
common British Actinoloba , for example, so often kept in 
aquaria, the pedal disc sometimes spreads on the glass or rock 

upon which the animal 
rests, in the form of a 
thin membrane or film 
of an irregular circular 
shape, nearly twice the 
diameter of the column. 
As the Anemone glides 
along, the film remains 
behind and breaks up 
into a number of hemi- 
spherical droplets, which 
in a few days develop 
the other organs of a 
A similar method of 



Fio. 164. — Longitudinal fission of Actinoloba. 
(After Agassiz and Parker.) 


tentacles, a mouth, mesenteries, and 
complete and independent Anemone, 
reproduction has been observed in several species of Sagartia- 
A true process of discontinuous gemmation has also been observ 

in Gonactinia, in Corynactis, and in Actinoloba. 

In the Madreporaria, Zoanthidea and Antipathidea, e 
usual method of reproduction to form the colonies is continuous 
gemmation. The new zooids that are added to the co 
it grows arise as buds, either from the superficial canals o ie 
coenencliym, or from the base or body-wall of the older zooi ^ 
In these cases the young zooids acquire the same number o 
mesenteries, and the same characters of the stomodaeum as t ie 
original parent. Some further particulars of asexual repro 

duction in the Madreporaria are given on p. 387. . 

The sexual reproduction of a great many species of Zoant ana 
has now been observed. The eggs are, as a general rule, ripene 
in batches, and fertilisation is effected before their discharge from 
the body. In some cases the sexual condition is seasonal. n 
temperate climates the generative organs ripen in the spring an 
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summer months, and remain small and relatively inconspicuous 
in the colder weather ; but British Sea-anemones, when kept in 
an aquarium and regularly fed, will breed nearly all the year 
round. The corals of the tropics living in warmer water of a 
more regular temperature show considerable variety in their 
breeding habits. Thus Duerden found that colonies of Favia , 
Manicina , Siderastraea and Forites are fertile at nearly all times, 
whereas colonies of Madrepora , Orbicella and Cladocorct were 
rarely so. In nearly all cases the fertilisation is effected, and 
segmentation of the ovum occurs within the body of the parent, 
the young Zoantharian beginning its independent life as an 
oval or pear-shaped ciliated larva. 

There are a great many cases among the Actiniaria in which 
the embryos are retained within the coelenteron, or in special 
brood pouches of the parent (p. 379), until a stage is reached 
with twelve or more tentacles. 

The oval or pear-shaped larva swims about for a few days or 
hours, and then settles down on its aboral end. In swimming, 
the aboral end is always turned forwards. In the larva of 
Lebrunia coralligens and Rhodactis sancti-thomae , a distinct 
sense organ has been observed upon the aboral extremity, and 
a similar but less distinct organ on the larva of Actinia equina. 
These organs are of considerable interest, as they are probably 
the only specialised sense organs known to occur in the 
Zoantharia. 

The larvae of Zoantharia present, as a rule, very little 
variation from the type described, and live but a short time if 
they fail to find a suitable place for fixation. The colour is 
usually white and opaque, but in some species the endoderm may 
be coloured yellow by Zooxanthellae (cf. pp. 86, 125). 

The larvae of the Cerianthidea, however, are remarkable 
and exceptional. After the larva of these animals has passed 
through the gastrula stage, a certain number of mesenteries and 
tentacles are formed, and it rises in the water to live a pelagic 
life of some duration. This larva is known as Araclinactis , and 
is not unfrequently found in the plankton. 

The character of the food of the Zoantharia varies with the 
size of the zooids, the occurrence of Zooxanthellae in the 
endoderm, and local circumstances ; but in general it may be 
said to consist mainly of small living animals. 
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Sea-anemones kept in an aquarium will readily seize and 
devour pieces of raw beef or fragments of mussel that are offered 
to them ; but they may also be observed to kill and swallow the 
small Crustacea that occur in the water. When a living animal 
of a relatively small size comes within range of the tentacles, 
it appears to be suddenly paralysed by the action of the nemato- 
cysts and held fast. The tentacles in contact with it, and 
others in the neighbourhood but to a lesser extent, then bend 
inwards, carrying the prey to the mouth. The passage of the 
food through the stomodaeum is effected partly by ciliary, and 
partly by muscular action, and the food is then brought to the 
region of the mesenteric filaments where it is rapidly disinte- 
grated by the digestive fluids they secrete. Any unsavoury or 
undigested portions of the food are ejected by the mouth. 

Very little is known concerning the food of the Madreporarian 
Corals. Many investigators have noticed that the zooids of 
preserved specimens very rarely contain any fragments of animal 
or plant bodies that could possibly be regarded as evidence of 
food. It is possible that many Corals derive a part, perhaps in 
some cases a considerable part, of their nourishment from the 
symbiotic Zooxanthellae (pp. 86, 125) which flourish in the 
endoderm ; but it is improbable that in any case this forms the 
only source of food supply. The absence of food material in 
the cavities of the zooids may perhaps be accounted for by the 
fact that nearly all the Corals are fully expanded, and therefore 
capable of catching their food only at night. Corals are usually 
collected during the daytime, and therefore during the period 

of rest of the digestive organs. 

It is true that nearly all Corals do exhibit Zooxanthellae in 
their endoderm, but there are some species from which they 
are nearly or wholly absent, such as Astrangia solitaria and 
Phyllangia americana on the West Indian reefs, 1 and the 
Pocilloporidae. The absence of any signs of degeneration in 
the tentacles or digestive organs of those corals with Zooxanthellae 
as compared with those without them suggests, at any rate, that 
the Zooxanthellae do not supply such a large proportion of the 
food necessary for the support of the colonies as to warrant any 
relaxation of the efforts to obtain food by other means. Mr. 
Duerden found that when living Annelids are placed upon the 

1 Duerden, Mem. Acad. Washington* viii. 1902, p. 437. 
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tentacles of a living Siderastraea — a genus with Zooxanthellae, 
the tentacles at once close upon them and prevent their escape. 
The general conclusion seems to be, therefore, that the Madre- 
porarian Corals feed upon small animals in much the same way 
as the Sea-anemones, whether they have Zooxanthellae or not, 
but that in general they feed only at night. 

Age. — It is known that Sea-anemones kept in an aquarium 
and regularly fed will live for a considerable number of years with- 
out showing signs of weakness or failing health. Dalyell kept 
in an aquarium a specimen of Actinia mcsembryantlicmum , which 
lived for sixty-six years and then died a natural death ; and 
specimens of Sagartia, still living, are known to be about fifty 
yeais old. The unnatural conditions of life in an aquarium may 
have favoured the longevity of these specimens, and it would not 
be reasonable to conclude from these records that the average life 
of a full-grown Anemone on the rocks is more than thirty or 
thirty-five years, and perhaps it is a good deal less. 

As regards the Madreporarian Corals, we know but little con- 
cerning their duration of life. An examination of any living 
coral reef is sufficient to convince an observer that the power of 
asexual reproduction of the colonial forms is not unlimited ; that 
colonies, like individuals, have a definite span of life, and that 
they grow old, senile, and then die a natural death if spared in 
their youth from accident and disease. Mr. Gardiner has 
calculated that the duration of life in solitary Corals like Flabdlum 
is about twenty-four years, in colonial forms such as Goniastraea 
Pmonastraea , Orbicella, and Pocillopora, from twenty -two to 
twenty-eight years. 


Order I. Edwardsiidea. 

ThlS order contains only a few genera and species of small 
s ze living in shallow water m various parts of the world In 
external features they closely resemble several genera of the 
Actimana, particularly those belonging to the family Hal- 
campidae. The distinguishing character of the order is to be 

Zlt 'I 1 f 8y8tem ° f niesenter ies. In all the species only 
eight mesenteries are complete, namely, the first two pairs of 

protocnemes, and the two pairs of directives (Fig. 163, 2 ), 

1 Ash worth and Annandale, Proc. Roy. Soc. Edinb. ixv. 1904, r . 11. 
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and these usually support such large and powerful muscle-bands 
that they appear to be the only mesenteries present. A careful 
examination of transverse sections, however, reveals the fact that 
other mesenteries are present. The fifth and sixth pairs of 
protocnemes seem to be invariably represented, and two or three 
pairs of metacnemes can also be traced in some species. 

The tentacles are variable in number. In Edvjcirdsia beau - 


tempsii , for example, they may be 14-16 in number, arranged in 



Flo. 165. — Edioardsia beautempsii. Nat. size. 

(After de Quatrefagea.) 


a single row round the 
oral disc. In E. tiuiida 
they vary from 20 to 24. 
The normal number ap- 
pears to be eight tentacles 
of the first cycle, corre- 
sponding to the eight 
primary inter-mesenteric 
chambers, plus 6 or 12 
tentacles, corresponding 
with the chambers limited 
by the more rudi mentary, 
mesenteries^ — making a 

total of 14 or 20 ten- 
tacles; but by the sup- 


iression of the two 

>rimary dorso - lateral 

entacles, or by the a ddi- 

ion of tentacles of 

nother cycle, the actual 

lumber is found to vary 

onsiderably. The 

orp not 


fixed to the bottom, but are usually found deeply embedded in 
sand, the aboral extremity being pointed and used for burrowing 
purposes. The general colour of the body is yellow or yellowish 
brown, but it is partly hidden by a short jacket of mud or 
sand and mucous secretion. The oral crown frequently shows 
beautiful colours. De Quatrefages relates that in Edivardsia 
beautempsii the oral cone is golden yellow, and the tentacles, 
transparent for the greater part of their extent, terminate in 
opaque points of a beautiful yellowish red colour* 


XIV 


ZOANTHARIA ACTINIAKIA 


377 


Fam. 1. Edwardsiidae. — Several species of this family have 
been found in the British area. They are very local in their 
distribution, but sometimes occur in great numbers. 

Edwardsia beautempsii occurs in shallow water near the 
shores of the English Channel and has been found in Ban try 
Bay ; and E. earned and E. timida have also been found in the 
Channel. E. tecta is a recently described species from the S. 
Irish coast, and E. allmani and E. goodsiri are found in Scottish 
waters. 


Fam. 2. Protantheidae. — This family, constituted for the 
reception of three remarkable genera, is now usually included in 
the order Edwardsiidea on the ground that not more than eight 
mesenteries are complete. 

The genus Gonactinia exhibits the very exceptional character 
of having a thick layer of muscles in the body -wall (cf. 
Cerianthidea, p. 409), and it is also remarkable for the frequency 
with which it reproduces itself asexually by longitudinal and, 
more rarely, by tran verse fission. It lias been found in Norway, 
the Mediterranean, and on the reefs of New Caledonia. The other 
genera of the family are Oractis from California, and Protanthea 
from the coast of Sweden. 


Order II. Actiniaria. 

This order contains nearly all the animals popularly known 

as Sea -anemones. They are usually found in shallow water, 

attached by a broad basal disc to shells, stones, or sea-weeds. In 

the Halcampidae, however, the aboral extremity ends in a blunt 

point as in the Cerianthidea and Edwardsiidea, and the animals 

live half-buried in sand or mud. The Minyadidae of the southern 

oceans are pelagic in habit, floating near the surface of the sea 

with the mouth turned downwards. They are supported in the 

water by a bladder, formed by an involution of the pedal disc 
and filled with gas. 

Many of the Sea-anemones are found in symbiotic association 
with other animals. The common Adamsia of the British coasts 
is found on whelk shells containing hermit crabs. The crab is 
probably protected from the attacks of some of its enemies by 
the presence of the Anemone, which in its turn has the advantage 
of securing some fragments of the food captured and torn to 
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pieces by the crab. The association, therefore, seems to be one 
of mutual advantage to the messmates. It is a noteworthy fact 
that in these associations the species of Sea-anemone associated 
with a particular hermit crab is nearly always constant. Thus 
in the English Channel, Adamsia palliata is almost invariably 
found associated with Eupagurus prideauxii , and Adamsia ron- 
deletii with Eupagurus bernhardus. But, perhaps, the most 
remarkable association of this kind is to be seen in the case of 
the little shore crab of the Indian Ocean, Melia tesselata , which 
invariably holds in each of its large claws a small Sea-anemone. 
Mobius, who originally described this case, relates that when the 
crab is robbed of its Anemone it appears to be greatly agitated, 
and hunts about on the sand in the endeavour to find it again, 
and will even collect the pieces, if the Anemone is cut up, and 
arrange them in its claw . 1 

Another very interesting association is that of certain fish 
and Crustacea with the large Sea -anemones of the tropical 
Australian coast . 2 Thus Stoichactis kenti almost invariably 
contains two or more specimens of the Percoid fish Amphiprion 
percula. This fish is remarkable for its brilliant colour, three 
pearly white cross -bands interrupt a ground plan of bright 
orange-vermilion, and the ends of the cross-bands as well as the 
fins are bordered with black. In another species a prawn of 
similar striking colours is found. These companions of the giant 
Anemones swim about among the tentacles unharmed, and when 
disturbed seek refuge in the mouth. It has been suggested that 
these bright and attractive animals serve as a lure or bait for 
other animals, which are enticed into striking distance of the 
stinging threads of the Anemone, but how the commensals escape 
the fate of the animals they attract has yet to be explained. 

In a considerable number of Sea-anemones, such as Actinoloba 
marginata and A. dianthus , some species of Sagartia, Actinia 
cari y Ammonia sulcata , and Calliactis parasitica , the fertilisa- 
tion of the eggs and their subsequent development take place in 
the sea water . 3 In a great many others, such as Bunodcs (several 
species), Cereactis aurantiaca , Sagartia troglodytes , Bunodactis 

1 For recent experiments on this case, see a forthcoming paper by J. E. Duerdcn 
( P.Z.S . ). 

* Saville Kent, “ Great Barrier Reef,” Tondon, 1893/ p. 145. 

5 O. Carlgren, Biolog. Cenlralbl. xxi. 1901, p. 480. 
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gemmacea, etc., the embryos are discharged into the water from 
the body-cavity of the parent, at a stage with six or twelve 
tentacles. In the Arctic species of the genera Urticina and 
Actinostola , however, the embryos are retained within the body 
of the parent until several cycles of tentacles are developed, and 
in Urticina crassicornis the young have been found with the full 
number of tentacles already formed. In Epiactis pvolif era from 
Puget Sound, the young Anemones attach themselves to the body- 
wall of the parent after tiieir discharge, and in Epiactis marsu- 
pial is, Pseudophellia arctica, Epigonactis fecund a, and other species 
from cold waters, the young are found in numerous brood sacs 
opening in rows on the body-wall. It is not known for certain 
how these embryos enter the brood sacs, but it is possible that 
each sac is formed independently for a young embryo that has 
settled down from the outside upon the body-wall of the parent. 
Ihe most specialised example of this kind of parental care in the 
Sea-anemones is seen in Marsupifer valdiviae from Kerguelen, in 

which there are only six brood sacs, but each one contains a great 
many (50-100) embryos. 

I he wonderful colours of our British Sea-anemones are familiar 
to most persons who have visited the sea-side. The common 
Actinia mesembryanthemum of rock pools, for example, is of a 
purple red colour. The base is usually green with an azure line. 
Around the margin of the disc there are some twenty-five tur- 
quoise blue tubercles. On each side of the mouth there is a 
small purple spot, and the numerous tentacles forming a circlet 
round the mouth are of a pale roseate colour. Nothing could be 

more beautiful than the snowy-white Actinoloba dianthus or the 
variegated Lrticina. crassicornis. 


Similar wonderful variety and beauty of colour are seen in 
le Sea-anemones of other parts of the world. Thus Saville 

Sllilt" Pr 68 0f the gigantic <***«*■ of the 
Australian Barrier Iieef says, “ the spheroidal bead-like tentacles 

occur in irregularly mixed patches of grey white lilac 

emeraM green, the disc being shaded with tints of grey, while 
the oral orifice is bordered with bright yellow ” b J 

The order Actiniaria contains a large number of families 
presenting a great variety of external form and of detail in 
general anatomy. The definitions of the families and their 

1 Saville Kent, “The Great Barrier Reef,” 1893, p. 144. 
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arrangement in larger groups have presented many difficulties, 
and have led to considerable differences of opinion ; and even now, 
although our anatomical knowledge has been greatly extended, 
the classification cannot be regarded as resting on a very firm 
basis. The families may be grouped into two sub-orders : — 

Sub-Order 1. Actiniina. — The tentacles are simple and 
similar, and there is one tentacle corresponding to each inter- 
mesenteric chamber (endocoel). 

Sub-Order 2. Stichodactylina. — The tentacles are simple 
and similar, or provided with teat-like or ramified pinnules. One 
or more tentacles may correspond with an endocoel, and there 
may be two kinds of tentacles (marginal and accessory) in the 

same genus. 

Sub-Order 1. Actiniina. 

Fam. 1. Halcampidae. — This family is clearly most closely 
related to the Edwardsiidea. There are, however, twelve complete 
mesenteries of the first cycle, and a second cycle of more or less 
incomplete mesenteries. The tentacles are usually twelve in 
number, but may be twenty or twenty-four. There is no pedal 
disc, but the base is swollen and rounded or pointed at the end. 

The genus Halcampa includes a considerable number of small 
species occurring in the shallow waters of the temperate northern 
hemisphere, and of the Kerguelen Islands in the south. Three 
British species have been described, of which Halcampa chrysan- 
thcllum alone is common. The larva with eight tentacles an 
eight . mesenteries has been found living on the e usa 
Thaumantias. 

Peachia is a genus containing Anemones of much larger size 
(10-25 cm.). It is remarkable for the very large siphonog yp 
on the ventral side of the stomodaeum, prolonged into a 
papillate lip projecting from the mouth called the “ cone u a. 
The" genera Scytophorus from 150 fathoms off Kerguelen an 
Gyractis from Ceylon, although showing some remarka e 
peculiarities of their mesenteric system, appear to be close y 
related to Ibis family. 

Ilyanthus mitchellii is a large Anemone with a vesicular 
base, forty-eight tentacles and mesenteries, occurring in the 
English Channel, but it is not very common. It is usually 


XIV 


ZOANTHARIA ACTINIARIA 


381 


placed in a separate family, but is in many respects intermediate 
in character between the Halcampidae and the Actiniidae. 

Fam. 2. Actiniidae. — This family contains some of the 
commonest British Sea-anemones. There is a large flat pedal 
disc by which the body is attached to stones and rocks. The 
body-wall is usually smooth, and not perforated by cinclides. 
The edge of the disc is usually provided with coloured marginal 
tubercles. There are no acontia. 

Actinia. — This genus contains the widely distributed and very 
variable species Actinia mesenibryanthemum, one of the commonest 
of the Sea-anemones found in rock pools on the British coast. 
The colours of this species are often very beautiful (see p. 379) 
but variable. 

Anemonia is a genus with remarkably long tentacles which are 
not completely retractile. A. sulcata (sometimes called Anthea 
cereus ) is very common in the rock pools of our southern coasts. 

Bolocera tuediae is, next to Actinoloba dianthus , the largest of 
the British Anemones. It has very much the same colour as the 
common varieties of Actinia mesembry anthemum , but the body- 
wall is studded with minute, rounded warts. It is found between 

tide marks in the Clyde sea-area, but usually occurs in deeper 
water. 

Fam. 3. Sagartiidae. — This family includes several genera 
with a contractile pedal disc, with the body- wall usually perforated 
by cinclides, and provided with acontia. 

The genera may be arranged in several sub-families dis- 
tinguished by well-marked characters. Among the well-known 
Sea-anemones included in the family may be mentioned : 

Sagartia troglodytes , a very common British species found in 
hollows in rocks. It is usually of an olive green or olive brown 
colour, and the upper third or two-thirds of the body-wall is 
beset with numerous pale suckers. Adamsia palliata has a 

white body-wall spotted with bright red patches, and is associated 
with the hermit crab Eupagurus prideauxii. 

Actinoloba (frequently called Metridium) dianthus is con- 
sidered the handsomest of all the British Sea-anemones. It has 
a lobed disc frilled with numerous small tentacles, and is uni- 
formly coloured, creamy-white, yellow, pale pink, or olive brown, f 
It lives well in captivity, and sometimes reaches a length of 6 
inches with a diameter of 3 inches (Fig. 164). 
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Aiptasia couchii is a trumpet-shaped Anemone, found under 
stones at low-water mark in Cornwall and the Channel Islands, 
with relatively slight power of retraction. 

Gephyra dohrnii is an interesting species with twelve tentacles, 
which was supposed at one time to form a connecting link between 
the Actiniaria and the Antipathidea. It is found attached to 
the stems and branches of various Hydrozoa and Alcyonaria, 
sometimes in such numbers and so closely set that it gives 
the impression of having formed the substance of its support. 
Haddon 1 has described specimens found on the stems of 
Tubularia from deep water off the south and south-west coasts 
of Ireland. It also occurs in the Mediterranean and the Bay 
of Biscay. 

Fam. 4. Aliciidae. — The members of this family have a large 
flat contractile base and simple tentacles. The body-wall is 
provided with numerous simple or compound outgrowths or 
vesicles, usually arranged in vertical rows. Alicia mirabilis is 
a rare Anemone from Madeira with a very broad base, capable of 
changing its position with considerable activity, and of becoming 
free and floating upside down at the surface of the sea. Other 
genera of the family are Bunodeopsis and Cystiactis. The genus 
ThaumactiSy described by Fowler , 2 from the Papeete reefs, has 
many peculiarities, but is probably capable of crawling rapidly 
and of floating at the surface like other members of the family. 
The remarkable Anemone Lebrunia from the West Indies may be 
included in this family. 

Fam. 5. Phyllactidae. — These are distinguished by the 

presence of a broad collar of foliaceous or digitate processes out- 
side the circle of tentacles. The processes have some resemblance 
to the foliaceous tentacles of the Stichodactylinae. They are 
found in the Mediterranean, Red Sea, and on the shores of the 
Atlantic Ocean, but have not yet been found in the British area. 

Fam. 6. Bunodidae. — This family is characterised by prominent 
verrucae and tubercles of the body-wall. It contains several 
British species, of which Bunodes gemmac.ea found between tide 
marks on our southern shores is fairly common. The very 
common British species Urticina ( Tealia ) crassicornis is usually 
placed in this family, but exhibits some peculiarities which seem 

1 A. C. Haddon, Trans. Roy. Dull. Roc. iv. 1889, p. 325. 

2 G. H. Fowler, Quart. Journ. Micr. Rex. xxix. 1888, p. 143. 
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to warrant its removal to another division of the Actiniaria. It 
is found in tide pools attached to rocks, but is usually partially 
hidden by adherent sand or small stones. 

Fam. 7. Minyadidae. — This family contains a number of 
floating Anemones. The basal disc is folded over to form a gas 
bladder lined by a cuticular secretion. The species are principally 
found in the seas of the southern hemisphere. 


Sub-Order 2. Stichodactylina. 


Fam. 1. Corallimorphidae. — In this family the marginal 

cycle of tentacles and accessory tentacles are all of the same kind. 

The accessory tentacles are arranged in radial rows. All the 

tentacles are knobbed at the extremity. The musculature is 

weak. Capnea sanguined , Corynactis viridis , and Aureliania 

heterocera belong to the British fauna. They are all small 

Anemones of exquisite colours, but are not very common. The 

genus Corallimorphus is principally found in the southern 
hemisphere. 

Fam. 2. Discosomatidae. — The tentacles are all of one kind 
and are very numerous. The mesenteries are also very numerous. 
The sphincter muscle is strong. 

This family includes a rather heterogeneous assembly of forms, 

and will probably require some rearrangement as our knowledge 

increases. Nearly all the species are found in the shallow waters 

of the tropics, and among them are to be found some of the 

largest Anemones of the world. Stoichactis lenti, from the 

Barrier Iteef, is from one to four feet in diameter across the disc. 

In the West Indies these Anemones do not attain to such a great 

size, but Homosticluanth us anemone, from Jamaica is sometimes 
8 inches in diameter. 


Fam. 3. Rhodactidae. — In this family the body -wall is 
smooth and the oral disc greatly expanded. The tentacles are 
of two kinds On the margin there is a single cycle of minute 
tentacles, while on the disc there are numerous tuberculate or 
lobed tentacles. Many of the species of this family are quite 
small, but Actmotnyx mussoidcs from Thursday Island has an 
oral disc 8 inches in diameter. The genera and species are 
widely distributed in the warm, shallow waters of the world. 

am. 4. Thalassianthidae. — TJie tentacles are simple or 
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Megalactis grijfithsi 


ramified (Fig. 1G6), and in some cases very long (Act i node ndron 
arboreum). Many of the specimens of A. plumosuvi and 

are of very large size, 8 to 12 inches 

in diameter. Of the 
former of these two 
species Saville Kent 
remarks : “ The 

colours are lacking 
in brilliancy, being 
chiefly represented 
by varying shades 
of light brown and 
white, which are 
probably conducive 
to its advantage by 



assimilating 


r> 

it to 


the tint of its sandy 
bed. When fully 
. , , , r . extended the coin- 

Fio. 166. — Actuwderulron plumosum. I) } disc of attach- 
ment ; aSV, siphonoglyph ; /, lobes of the marginal disc pOUIKi tciltflCl6S cl 1*0 

bearing the tentacles ; \\\ body-wall. Height of the e J e Vil ted to a height 
column 200 mm. (Alter Haddou.) . 0 

of 8 or 10 inches, 

and bear a remarkable resemblance to certain of the delicately 
branching, light brown sea-weeds that abound in its vicinity. 
The same author calls attention to their stinging, which is 
“ nearly as powerful as the ordinary stinging nettle.” 


Order III. Madreporaria. 

The Madreporaria form a heterogeneous group of Zoantharia 
characterised by a single common feature, the formation of an 
extensive skeletal support of carbonate of lime. In a great 
many cases the skeleton exhibits cups or “cal ices” into which 
the zooids may be completely or partially retracted, and these 
calices usually exhibit a series of radially disposed vertical 
laminae, the “ septa,” corresponding with the in ter -mesenteric 
spaces of the zooids. Calices and structures simulating septa 
also occur in Heliopora, which is an Alcyonarian, and in certain 
fossil corals which are probably not Zoantharians. The anatomy 
of the zooids of a great many Madreporaria is now known, and, 
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although a great deal of work yet remains to be done, it may be 
said that the Madreporaria exhibit close affinities in structure 
with the Actiniaria. The chief points in the anatomy of the 
zooids are described under the different sub-divisions, but a 
few words are necessary in this section to explain the principal 
features exhibited by the skeleton. 

There is no more difficult task than the attempt to explain 
upon any one simple plan the various peculiarities of the Madre- 
porarian skeleton . 1 The authorities upon the group are not agreed 
upon the use of the terms employed, nor are the current theories 



Fig. 167.— Series of diagrams to illustrate the structure of the Madreporarian skeleton 
A young stage of a solitary coral with simple protheca (p.t). B, solitary coral, 
with theca (th), epitheca (e.t), and prototheca (p.t). C, young stage of colonial coral 
showing coenosteum (coe) and theca (th), and the formation of the theca of a bud (b) 
D, two zoouls of a more advanced stage of a colonial coral, coe, Coenosteum ; th, 
theca. 1 he black horizontal partitions are the tabulae. E, transverse section of a 
calyx, c, Costa ; col , columella ; d, dissepiment ; g, septum ; p , pali. 


of the evolution of the skeleton consistent. It is necessary, 
however, to explain the sense in which certain terms are em- 
ployed in the systematic part that follows, and in doing so to 
indicate a possible line of evolution of the more complicated 
compound skele ton s from the sim ple olSesT 

There can be no doubt whatever that the whole of the skeleton 

of these animals is formed by the ectoderm, and is external to 

their bodies. If we could get rid of the influence of tradition 

upon our use of popular expressions we should call this skeleton 

a shell. 1 here can be little doubt, moreover, that this skeleton 

is formed by a single layer of specialised ectoderm cells called the 
calicoblasts. 

“• «... 

V0L 1 2 o 
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The ealicoblasts form, in the first instance, a skeletal plate at 
the aboral end of the coral embryo, which becomes turned up at 
the edges to form a shallow saucer or cup. This cup is called 
the “ prototheca.” 1 At this stage the body-wall of the living 
zooid may or may not overflow the edge of the prototheca. In 
the former ;ase the growth of the rim of the prototheca is 
brought about by the ealicoblasts of an inner and outer layer of 
epiblast, and the cup is then called the “ theca.” In the latter 



Fio. 168. — Diagram of a vertical 
section of a young Can/ophyltia, 
showing the septa ( S ) covered 
with endoderm projecting into 
the coelenteric cavity. M, 
mouth ; St, stomodaeum. (After 
G. von Koch.) 



Fio. 169.— A young Curyophyllia , viewed from 
above, showing the tentacles ( t ) and the 
stomodaeum (SI). The letter m points to a 
space between a pair of mesenteries, and 
the darker shading in this place shows a 
septum projecting radially trom t lie wall o 
the theca. (After G. von Koch.) 


case, the growth of the rim of the prototheca is continued by the 
ealicoblasts of one layer of epiblast only, and it is called the 
“epitheca” ( Flabellum ). With the continued growth of the theca 
the tissues that have overflowed — the “ episarc ” — retreat fiom 
the base, and in doing so the ectoderm of the edge and, to 
some extent, the outer side of the episarc secrete a layer of 
epitheca which becomes more or less adherent to the theca. 
Thus the cup may have a double wall, the theca and the epi- 
theca ( Caryophyllia ). 

With the growth of the theca and epitheca a certain number 
of radially disposed laminae of lime rise from the walls and 
grow centripetally. These are the “ septa.” Additional ridges on 

1 H. M. Bernard, Ann. May. Nat. Hist. (?) xiii. 1904, p. 1. 
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the inner wall of the cup between the septa are called the 
“ dissepiments.” Corresponding with the septa there may be a 
circle of columns or bands rising from the basal parts of the 
prototheca — the “ pali ” ; and from the actual centre a single 
column called the “ columella.” The longitudinal ridges on the 
outside of the theca, corresponding in position with the septa 
inside, are called the “costae” (Fig. 167, E, c). 

We may imagine that in the primitive forms that gave rise 
to colonies, the episarc of the primary zooid overflowed on to 
the substance to which it was attached, and gave rise to 
successive layers of epithecal skeleton, which may be called the 
“ coenosteum.” The ectoderm at the base of the original prototheca 
is in some corals periodically dragged away from the skeleton, 
and forms another cup or platform of lime at a little distance 
from it — the “tabula.” New zooids are developed at some 
distance from the primary one by a process of gemmation in the 
episarc, and independent thecae, septa, etc., are formed in it ; 
the skeleton of the new zooid thus originated being connected 
with that of the primary zooid by the coenosteum. 


1 here are many modifications of this simple description of 
skeleton formation to be considered before a thorough knowledge 
of coral structure can be understood, but sufficient, has been said 
to explain the use of the terms that it is necessary to employ in 
the description of the families. When it is necessary to speak 
of the cup in which the zooid is situated without expressing an 
opinion as to the homology of its wall, it is called the calyx. 

Iheie aie many forms of asexual reproduction observed in 
the Madreporaria. Of thesq the most frequent is gemmation 
The buds are formed either on the episarc or on the canals 
running between zooids at the surface of the coenenchym When 
the young zooids that have been formed by gemmation reach 
maturity they have the same characters as their parents. Fission 
occurs in the production of a great many colonies of Madreporaria. 
It occurs occasionally in such genera as Madrepora and Porites 
where reproduction by gemmation prevails, but it is said that 
gemm ati on never occurs in those forms such as the Astraeidae 
Yssiparantes where fission is the rule. In fission a division of 
the zooid takes place m a vertical plane passing through the 

stoinodaeum and dividing the ynm’rl f 1 ^ x 

© L,ie ^ooiu into two equal parts. In 

some c*ses these two parts become separated during the further 
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growth of the coral. In other cases, however, further divisions 
of the stomodaeum occur before the separation of the zooids, ami 
then elongated, serpentine polyps are produced (as in Mmndrina , 
etc.), which consist of a number of imperfectly separated zooids, 
each with a distinct mouth and stomodaeum but with continuous 
coelenteric cavities. Two kinds of fission must be distinguished 
from each other. In Madrepora and Porites the plane of fission 
passes dorso-ventrally through the zooids, that is, between the 
dorsal and ventral pairs of directive mesenteries. In these cases 
the zooids produced by fission are similar to the parent form. 



A B 

Fio. 170. — Diagrammatic transverse sections of Porites to illustrate the process of fission. 

’ A, before division ; B, fission nearly completed. In A four bilateral pairs (a, b , r ft) 
of mesenteries have appeared in the entococle of the ventral directives ( VP). These 
are increased to six pairs aud then fission commences as seen in B. the plane of 
fission ^passing through the entocoeles of the last pair of secondary mesenteries (/ ) 
and of the dorsal directives (I) I)). /, //, V, VI, the protocnemes in the order of 

their development. (After Duerden.) 


Ill most Madreporaria, however, the plane of fission appears to 
be more or less at right angles to this, and the resulting zoo 1 s 
are unlike the original parent form in having either no directive 

mesenteries at all or only one pair of them. 

The section Fungacea presents us with some exception*! an 

remarkable forms of asexual reproduction. The embryo ^ un ^ t 
gives rise to a conical fixed coral called a “ trophozooid. e 
upper part of the calyx of this trophozooid expands and becomes 
disc-shaped. This is called the “ anthocyathus,” and after it as 
reached a certain size it breaks away from the rest of the tiopbo 
zooid as an adult Fungia. Several anthocyathi may be formec 
in succession from one trophozooid. This may l>e described as 
a process of successive transverse fission. In Jhaseris the disc 
divides into four quadrants, and each quadrant appears to he 
capable of acquiring the shape and size of the undivided parent. 
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Without doubt a process of sexual reproduction occurs in all 
Madreporaria. I 11 some genera sexual reproduction appears to 
be almost continuous throughout the year; in others the sexual 
organs are formed only at periods separated by considerable 
intervals of sterility. According to the researches of Duerden 
the Madreporaria appear to 
be usually viviparous, the 
early stages of development 
are passed through within the 
body of the parent, and the 
young coral is discharged 
into the water as a free- 
swimming ciliated larva. The 
larvae are spheroidal, oval, or 
pear-shaped, but change their 
shape a good deal, and some- 
times become elougated, 
straight, or spirally twisted Fig. 171. — A fixed stage ill the development 

ds. The ldivae are at first differentiated into a discoid crown, the 
dense and opaque, but subse- anthocyathus (Cy) and a pedicle, the an tho- 
quently they become dis- Caulus (Ca) - (After G. C. Bourse.) 



tended by the absorption of water, and more nearly transparent. 
They swim about for one or two days, and then settle down by 
the aboral pole and become fixed. The tentacles are not formed, 
in any species that has yet been observed, during the free- 
swimming stage of existence. 

Distribution of Reef Corals. — The principal reef-forming 

corals reach their greatest size and grow with greatest rapidity 

in the warm, shallow waters of the world, but they are not 

confined to this habitat. A species of Madrepora has been 

found in the very cold waters of Archangel, and Manicina areolata 

occurs in Simon s Bay, Cape of Good Hope, many degrees south 

of the region of the East African coral reefs. As regards the 

distribution of these corals in depth, very little is known at 

present. The face of the growing coral reef that is turned 

towards the open sea is so steep that it has been found 

impossible to determine to what depth the living reef corals 
actually extend. 


The survey of the Macclesfield bank proved that a consider- 
able number of reef corals are to be found alive at depths 



390 


COELENTERATA ANTHOZOA 


CIIAP. 


ranging from 30 to 50 fathoms. 1 To give one example: — In 
the dredging No. 50, depth 32 to 35 fathoms, living examples of 
the following genera of corals were obtained : Madrepora , 
Montipora , Psammocora , Pavonia , and Astraeopora. 
r , / Coral Reefs and Atolls. — In many regions of the tropical 
,/eas, banks and islands are found which are built up of blocks of 
coral, coral detritus, and altered or modified limestone. These 
are the famous coral reefs of which so much has been said and 
written during the last half-century. There can be little doubt 
that the superficial strata of these formations are entirely due 
to the action of coral-forming animals and plants living in warm, 
shallow sea-water. 

Three classes of coral reefs are usually recognised : the 
“ fringing reefs ” which follow the contour of the coast at a distance 

of a few hundred yards, 


Ch 


••• . • • 



) 


and are separated from 
the beach at low tide by 
sand flats or a shallow 
lagoon ; the “ barrier 
reefs,” following the con- 
tour of the coast less 
regularly than the fring- 
ing reefs, but at a much 
greater distance, and 
separated from the beach 
by a lagoon of sufficient 
depth to serve as a 
harbour for ships of great 
size ; and, finally, the 
“ atolls,” which are ring- 
shaped, or broken circlets 

the five fathom line ; 2 fm, the two fathom line ; « . • o„/.ln«iimr 

L. the lagoon with a maximum depth of 7 fathoms; of low islands onciosm 0 

R , the reef continuing the circle on the east side a la rr OOIl which IS, in 
Gardiner?)'' “ high (Aftur ' Sta "' ey soino°cases, of consider- 

able depth. 

It was observed by the early surveyors that in many cases 
the sea-bottom slopes downwards steeply or almost precipitously 
from the outer edge of the barrier reefs and atolls to very great 

1 “Report on the Results of Dredging on the Macclesfield Bank,” Admiralty 
Report, 1894. 


Fig. 172. — Plan of Minikoi Atoll in Laccadive Archi- 
pelago. A, the land elevated above the level of 
high-water mark ; Ch, the boat channel ; 5 fm. 
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depths — to depths, in fact, at which reef- forming corals do not 
live. 

It seems obvious, therefore, that the atolls and barrier-reefs 
are resting upon some stratum which could not possibly have 
been formed by reef-building organisms at the same relative 
position it has now, and the questions arose, What is the sub- 
stratum and how was it formed ? 

If this stratum is a coral rock, it is clear that it must have 

been formed at a time when it was nearer to the surface of the 

sea than it is now, and that it must have subsided subsequently 

to greater depths. If, on the other hand, it is a primitive rock, 

we must assume that in such regions as the Indian Ocean and 

the South Pacific, where the archipelagoes of atolls extend for 

hundreds of miles, there are chains of mountain ranges with 

peaks reaching to a uniform level beneath the surface of the sea. 

“ l^ u t we cannot believe that a broad mountain summit lies buried 

at the depth of a few fathoms beneath every atoll, and nevertheless 

that throughout the immense areas above named not one point 

ot rock projects above the level of the sea. For we may judge 

of mountains beneath the sea by those on land, and where can 

we find a single chain, much less several such chains many 

hundred miles in length, and of considerable breadth, with broad 

summits attaining the same height from within 1 20 to 1 80 feet ? ” 1 

To account for the observed facts of the atolls and barrier- 

reefs, Darwin conceived and expounded the subsidence theory. 

According to this theory, the regions where atolls now occur were 

at one time dry land, or an archipelago of volcanic islands 

surrounded by fringing reefs of the ordinary type. A gradual 

subsidence of the land took place, and the area of the land 

diminished ; but the area enclosed by the coral reefs did not 

diminish in a corresponding degree, and the young corals growing 

qn the debris of the older ones as they sank continued the 

growth of the reef in a direction nearly vertical to the sea- 

bottom. The fringing reefs thus became barrier reefs, and they 

were separated from the land by a lagoon of considerable depth. 

Finally, when the mountain peaks disappeared beneath the 

waves, a ring-shaped reef or atoll was all that was left to mark 
the position of the former land. 

The fundamental assumption in the subsidence-theory is that 

* C. Darwin, Coral Reefs , 3rd edition, 1889, p. 125. 
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the substratum of the coral reefs and islands is coral-formed 
limestone. To test the truth of this assumption an expedition 
was sent out to obtain, by boring, evidence of the character of 
the substratum of a typical atoll. The island of Funafuti in the 
Ellice group of the Pacific Ocean was selected, and after several 
attempts a successful boring was made to a depth of 1114 feet. 
The material from the boring was found to consist of rocks or 
sands entirely derived from the calcareous skeletons of marine 
Invertebrate animals and calcareous Algae. 1 Moreover, in the 
cores from various depths down to the lowermost the fossilised 



Fig. 173. — Section of the outer edge of one of the Maidive Atolls. A, foundation of 
primitive rock cut down by the currents ; B, upgrowth of the rim by the deep-sea-, 
intermediate depth- and (B') reef-organisms ; C, extension outwards by means of 
the talus slope ; D, lagoon. Scale in fathoms. (After Stanley Gardiner.) 


skeletons of the common genera of recent corals, and very few or 
no representatives of genera of corals now extinct were discovered. 

These facts, therefore, prove the justice of Darwins assumption 
as to the nature of the substratum — and give support to the 
subsidence-theory as applied to this particular island. A strong 
opinion has, however, been expressed by several authors of recent 
years that the subsidence- theory cannot account for the formation 
of all the atolls and barrier reefs that have now been investigated, 
and alternate hypotheses have been put forward to account for 
particular cases. The main chain of the Maidive Archipelago 
in the Indian Ocean, for example, presents special difficulties to 
the acceptance of the subsidence-theory as one of general applica- 
tion. 2 The main chain of these islands is more than 300 miles 
long, and lies at right angles to the monsoon currents of the 

1 For the details of these borings, see “The Atoll of Funafuti,” Royal Society 
of London, 1904. 

2 For further information, see J. Stanley Gardiner, The Fauna and Geography 
of the Maidive and Laccadive Archipelagoes, vol. i. pt. ii. 1902, p. 172. 
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Indian Ocean. Here the action of the currents appears to have 
cut down a great tract of land to form a plateau more than 100 
fathoms in depth. The outer rim of this plateau may have 
grown in height by the deposit of the skeletons of surface- 
swimming animals, and the skeletons of deep-sea corals, until it 
reached a level where reef-forming corals can thrive. A certain 
number of channels would be retained and even deepened as the 
rim grew up, and thus the coral would eventually reach the 
surface not as a single large atoll, but as a series of coral islands. 
When the coral reef lias thus reached the surface and cannot 
grow farther in height, it spreads radially like a fairy ring on 
the talus formed by broken corals that have fallen down the 
slopes. The central parts, no longer protected by living organ- 
isms, are continually subject to the solvent action of the sea water 
penetrating the porous substratum, and sink to form the lagoon. 

It is not only in the reefs of the Indian Ocean, however, but 
in many of the archipelagoes of the Pacific Ocean, where there is 
evidence of very extensive elevation of the land areas in the 
neighbourhood of atolls and barrier reefs, that the subsidence- 
theory does not satisfactorily account for all the observed facts. 
It appears probable, therefore, that although a gradual subsidence 
of the land may have been the primary cause of coral reef 
formation in some areas, similar reefs may have been formed in 
other areas by other natural methods. 

Fossil Corals. — A great number of the genera of corals found 
in the newer Tertiary deposits, and a smaller number of those occur- 
ring in the (flder Tertiary and Cretaceous strata clearly belong to 
families no wj represented by recent corals. In the earlier strata, 
however, fos&ls are found which cannot be placed in our system 
with any degree of certainty. Attempts have been made from 
time to time tp arrange these corals in their proper positions by 
the careful stutjy and comparison of their skeletal features but 
the reasons given are not convincing. The genus Syringopora, 
and the families i avositidae, Heliolitidae, and Coccoseridae have 
been noticed in the chapter on Alcyonaria (pp. 343-346). The 

Zolndhidea Cnt ° WiU ^ n ° tiCed Wh6n deaHng With the order 

Among the families of fossil corals of uncertain position which 

maj s 1 e included in the order Madreporaria, the more 
important are : — 
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Cyathophyllidae, a family of solitary and colonial corals with 
numerous radially arranged septa, extending from the Silurian to 
the Carboniferous limestone. It includes the genera Cyatlio - 
phyllum, which was very abundant in Devonian times, and 
Lithostrotiun , which, in the times of the formation of the 
Carboniferous limestone, occurred in continuous masses extending 
over great areas of the sea-bottom. The Cyathophyllidae may 
possibly be ancestral to the representatives of both Astraeidae 
and Fungiidae, which appeared in the Triassic strata. 

The Cyathaxoniidae form a family of solitary turbinate or 
horn-shaped corals, with septa showing a regular, radial arrange- 
ment, and may have been the ancestors of the modern family 
Turbinoliidae. They have the same geological range as the 
Cyathophyllidae. 

The Cystiphyllidae. — This family consists of solitary corals 
with very thin septa ; the interseptal spaces are filled with 
an abundant vesicular substance called the “ stereoplasm.” The 
systematic position of this family is very doubtful, as the 
structure is evidently much destroyed, but by some authors it is 
supposed to be ancestral to the family Eupsartimiidae. 

These three families, together with the Zaphrentidae (p. 406), 
were formerly grouped together as the Tetracoralla or Kugosa. 


Sub-Order 1. Entocne 


II 


aria. 


Madreporaria forming perforate coralla, with calices that do 
not project above, or project only slightly above the surface of the 
coenosarc. The zooids of each colony are usually small and 
crowded. The mesenteries arise in bilateral p’airs, and the 
increase in their number takes place in the chamber between the 
ventral or the dorsal pairs of directives. The corals included in 
this order are among the most important of the reef-builders. 
On many of the recent coral reefs they occur in enormous 
numbers and of great individual size. But although so prevalent 
upon recent reefs, they appear to have played a far less important 
part in the formation of the reefs of the early Tertiary times, and 
in the reefs of times antecedent to the Tertiary they were rare or 
absent. • 

J udging from the structure of the skeleton and the palaeonto- 
logical history alone it might be thought that the Entocnemaria 
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represent the most recent types of Madreporarian structure, but 
the anatomy of the zooids points to a contrary conclusion. The 
zooids are of very simple structure ; the mesenteries are found 
only in bilateral pairs, and all the new mesenteries formed after 
the protocnemes originate in one of the directive chambers. 
These are characters indicating a very ancient history, suggesting 
affinities with the Edwardsiidea on the one hand, and some 
ancient type of Cerianthidea on the other. There can be little 
doubt that it was owing to the evolution of a porous skeleton of 
rapid growth that these corals have caught up and passed the 
Astraeidae and other more specialised forms in the struggle for 
predominance on the coral reefs. 

Fam. 1. Madreporidae. — The calices of the corail um are 
small and contain a few perfectly distinct septa. The coenosteum 
is porous and contains a plexus of the coenosarcal canals, which 
connects the cavities of neighbouring zooids. This family is 
divided into a number of sub-families, but it is only necessary 
here to mention the peculiarities of a few of the well-known 
genera. 

Madrepora . — This genus is represented by an immense number 
of forms on the coral reefs of both the old and new world. 
Attempts have been made at various times to divide these forms 
into specific groups, and a large number of species have been 
defined and named. The differences between these species, how- 
ever, are such as may be due to varying conditions of life upon 
the reefs and not to characters transmitted from generation to 
generation by heredity. There can be no doubt that when our 
knowledge of the soft tissues of these corals is extended the 
number of species will be greatly reduced. There are, however, 
three principal forms of growth or facies in the genus. 

1. The fiahellate or palmate colonies with large flat or concave 
fronds, radiating from an encrusting base: Forma palmata. 

2. Much branched colonies, several branches radiating obliquely 
from a common centre : Forma prolifera. 

o. Lai go and more erect colonies, less branched except towards 
the periphery : Forma cervicornis. 

On some reefs one of these forms of growth predominates, and 
foi miles the reef seems to be built up mainly of corals of this 
shape. On other reels two or sometimes all three of these forms 
Iua ) ^ )e f°und within a stone’s throw of one another. Notwith- 
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standing the difficulty of distinguishing the species, the genus 
itseli is quite well defined. The calices project slightly from the 
surface of the branches and contain six septa, of which the pair 
that is parallel with the axis of the branch is the strongest. 
This strong pair of septa can usually be well seen when a slender 
branch of a Madrepore is examined by a lens by transmitted 
light. At the apex of each branch there is a terminal zooid and 
in the skeleton an apical calyx. The terminal zooid is (in some 
species at least) different from the lateral or radial zooids. The 
former is radially symmetrical and has six long equal digitiform 
tentacles, the latter have usually twelve tentacles, of which six 
are larger than the others. These tentacles alternate, but they 
are so arranged on the disc as to give a distinctly bilateral 
appearance to the zooids. 

The colour of the West Indian Madrepores appears to be 
entirely due to Zooxanthellae (pp. 86, 125). They are lighter 
or darker shades of brown, sometimes becoming green, yellow, 
or orange. On the Australian barrier reef and other reefs of 
the eastern seas the growing points of the branches are variable 
and often brilliantly coloured, emerald green, violet, or red ; 
giving some of the most wonderful colour effects for which the 
reef pools are famous. The cause of these brilliant apical 

colours has not yet been ascertained. 

The genus is found in shallow water of all seas of the tropical 
belt except on the western side of the continent of America. 

Montipora . — In this genus the calices are small and situated 
in depressions in the coenosteum, and there are six, sometimes 
twelve, septa of approximately equal size. There is no terminal 
calyx at the apex of the branches. This is a genus of very variable 
form and wide distribution in all tropical seas except on the 
shores of the Atlantic Ocean. 

Turbinarici . — This genus is usually cup-shaped or foliaceous 
and twisted in form. The septa may be six to thirty in 
number. Some of the species of this genus attain to a very 
great size in favourable localities. There is a specimen in the 
British Museum that is 16 feet in circumference and weighed, 
when dried, 1500 lbs. 

Fam. 2. Poritidae. — The corallum is usually encrusting, 
foliaceous, lobed or tufted, rarely dendritic. The whole skeleton 
is built up of a system of trabeculae and stout cross bars, and in 
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section the limits of the calices are not well defined. The septa 
are represented by twelve trabeculae. The zooids are small and 
are usually provided with twelve tentacles. The most important 
genus is Forties, which is so abundant on many reefs that it 
may be said to rival Madrepora itself in the luxuriance of its 
growth. On the Australian barrier reef a species of Pw'ites 
builds up coralla over twenty feet in length and as many in 
height. According to Saville Kent they are usually found on 
the outer side of the reef and form a basis of support for the 
high-level Madreporas and other corals. 1 

The colours of Forties are very variable and often beautiful. 
In Jamaica 2 the prevailing colours are bright blue, pale yellow, 
and yellowish green. In Australia the colours are less brilliant 
perhaps, but among the prevailing tints are light or bright lilac, 
a delicate pink, dark yellow, and brown. The genus Forties 
occurs in Eocene and Miocene deposits, and is now found on all 
the more important coral reefs of the world. 

The genus Alveopora is usually placed with the Poritidae. 

According to Bernard, 3 however, its affinities with this family are 

remote, and it is more closely related to the Favositidae (see 

p. 344). The walls of the calices are contiguous and the septa 

are reduced to rows of spines, as in the Favositidae. It is found 

in shallow water in the Pacific, the Indian Ocean, and the Red 
Sea. 


Sub- Order 2. 


Cyclocne 


II 


aria. 


Madreporaria forming perforate or imperforate coralla. Solitary 

or colonial. 1 he zooids have usually a large number of mesenteries 

arranged in two or more cycles. The mesenteries beyond the 

protocnemic pairs arise in unilateral pairs in chambers other 
than those between the directives. 

Sect. 1. Aporosa. — Cyclocnemaria in which the theca and 
septa are not perforated. The zooids of the colonial forms may 
communicate by means of superficial canals of the coeuosarc or 
they may be in contact with one another only at their edges. 

Several families are included in this section, of which the 
more important are : — 


haville Kent, 


, ’ Great Barrier Reef,” 1893, p. 185. 

3 tt xiw eD ’ Mem ’ Ac ‘ Washington , viii. 1902, j>. 550. 

H. M. Bernard, Journ. Linn. Soc. Zool. xxvi. 1897, p. 495. 
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Fam. 1. Turbinoliidae. — The corals included in this family 
are mostly solitary forms attached to foreign objects, or living 

partly embedded in sand. In some cases a small colony is 
formed by gemmation. 

I he genus Ftabellum is a solitary coral of a compressed top 
shape. It lias a large number of septa arranged radially on the 
cup-wall. This cup- wall is not a true theca but an epitheca. 
In some forms root-like tubes grow out from the sides of the 
cup near its base and may serve to support the coral on solid 
objects. In some remarkably fine specimens recently obtained 
from the Persian Gulf these tubes served to attach the coral to 
a telegraph cable. Flabellum seems to be cosmopolitan in its 
distribution. It is usually found in deep or moderately deep 
water, but some specimens have been dredged in water of 2 to 9 
fathoms. 


Caryophyllia is a conical coral fixed by a slightly expanded 
base. The cup- wall is a true theca covered below by an epitheca. 
There is a spongy columella surrounded by a single circle of 

pali. There is one British species, 
C. smithii. It is found attached 
[VflnU rSBSall to shells at a depth of about thirty 

fathoms near the Kddystone Light- 
house and in other localities in 
sp the English Channel. It also 

Fig. 174. — Side view of Trochocyathus occurs between tide marks in the 

has tat us, with exsert septa, well- Scilly Islands, and is found off the 
marked costae (c) f and with three ^ f f 

spinous projections (&/>) at the base Slietlclllds, Oil tllC West COftSG 01 

formed by outgrowths from primary Scotland, ami the SOllth-West of 
costae. (After G. C. Bourne.) * _ 

Ireland. The genus is widely dis- 
tributed and extends from shallow water to depths of 1500 
fathoms. Caryoyliyllia sometimes occurs in clusters which have 
the appearance of an incipient colony. This may be due to the 
embryos fixing themselves upon the epitheca of existing indi- 
viduals and developing there. It is doubtful whether the species 
ever reproduce asexually either by gemmation or by fission. 
When the zooid is fully expanded it projects some distance 
above the corallum and shows a very transparent body-wall 
with a crown of some fifty tentacles. Each tentacle terminates 
in a globose head (Fig. 169) charged with neinatocysts. The 
general colour is pale pink, and there is a broad brown circle 
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round the mouth. Large specimens may be three-quarters of an 
inch in diameter. 


Turbinolia is a common Eocene fossil genus found in England 
and France, and is stated to occur in the Caribbean Sea. The 
columella stands up like a stylet and the septa are “ exsert,” i.e. 
project above the rim of the theca. 

Trochocyathus is a genus with well-marked “ costae ” occurring 
in tropical shallow water (Fig. 174). 

Fam. 2. Oculinidae. — Colonial forms, dendritic or encrusting, 
with relatively large and rather prominent calices separated by 
considerable stretches of compact coenosteum. The zooids bear 
a crown of ten to forty-eight or more capitate tentacles. 

Neolielia has a fistulose stem lined internally by a horny 
membrane. There seems to be some reason for supposing that 
this membrane is formed by the zooids themselves. A similar 
membrane is found in the fistulose stems of Ampliilielia and 
perhaps other Oculinidae. If this membrane is really formed 
by the activity of the corals it forms an exception to the general 
rule that the skeleton of the Madreporaria is entirely calcareous. 
Others maintain, however, that this membrane is formed by the 
Chaetopod worms which are found in the tubes, and that the 
fistulose stem of the coral is formed by folding round and 

encrusting the horny tubes of the worm. Neolielia is found in 
the Pacific Ocean. 1 


Lopkohelia is a genus forming dendritic colonies of consider- 
able size. The calices have thick walls and are very deep. 
Lophohelia prolifera has been found in deep water off the 
island of Skye and in other localities off the west coast of 
Scotland. It is also not uncommon in some of the Norwegian 
fjords and in other parts of the world. ° 

Oculina is another widely distributed genus found in the 
shallow tropical waters of the West Indies, the Indian and 
1 aafic Oceans. It forms dendritic colonies of considerable size. 
I he calices are usually arranged in a spiral manner on the 
branches. The colour of the West Indian species is stated to 
be light or dark brown when alive. The tentacles are arranged 
in three cycles, and are usually twenty-four in number. Asexual 
reproduction takes place by budding at the apex of the branches. 

Fam. 3. Astraeidae. — This is a very large family, and 


E. M. Pratt, Willey's Zoological Results , pt. v. 1900 , p. 591 . 
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authorities are not agreed as to its limits or classification. 
Excluding the simple forms for the present, the family may 
be said to be distinguished by having the calices so closely 
crowded that there is little or no coenosteum between them. 
1 he corallum is compact and massive, unless bored and perforated 
h Y algae, worms, and other coral-destroying organisms. 

The genera of Astraeidae that form colonies may be divided 
into two groups : the Gemmantes and the Fissiparantes. In 
the group Gemmantes asexual reproduction is effected by gemma- 
tion, and each zooid of a colony is a distinct individual with two 
pairs of directive mesenteries. Among the best known of recent 
corals included in this group may be mentioned Galaxea. In 
this genus there is a good deal more coenosteum between the 
calices than there is in most of the Astraeidae. The calices are 
long and project some distance above the coenosteum. The 
septa are exsert. In Galaxea esperi examined by Fowler 1 there 
are twelve septa, twelve pairs of mesenteries, and twenty-four 
tentacles, of which twelve are verv small and twelve rather 

9 V 

larger. The colour is green or brown. The genus is found in 
shallow water in the tropics of the old world. 

In Astrangia solitaria the zooids are either isolated or more 
generally united by thin strands of perithecal tissue to form 
encrusting colonies. The septa are not exsert as in Galaxea. 
Six are prominent and belong to the first cycle, six smaller ones 
form a second cycle, and an incomplete third and fourth cycle 
may be seen. Corresponding with each septum there is a 
tentacle. The tentacles of the innermost cycle are the longest 

(3 mm. in length). All the tentacles terminate in a knobbed 
apex. The living zooids are colourless throughout, or display 
only very delicate tints within restricted areas. 2 This genus 
occurs principally on the coasts of the American continent, 
extending as far south as the Straits of Magellan. Other 
well-known genera of Astraeidae Gemmantes are Orbicella f 
Cladocora , Phyllangia. 

In the group Fissiparantes asexual production takes place 
by fission without the production of morphologically complete 
zooids. The tentacles, mesenteries, and septa, when fission is 
established, are not arranged in regular hexameral cycles, and no 

1 G. H. Fowler, Quart. Jonm. Micr. Sci. xxx. 1890, p. 410. 

2 J. E. Duerdcn, Mem. Ac. Washington , viii. 1902, p. 553. 
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a lieight ot 250 111 m., and Cesfns veneris lias 1 >eon found no less 
than 1^ metres from one extremity to the other. 

Ctenophores usually go about in shoals, and in the case of 
lieroe cucumis and Euvharis multicornis the shoals may be of 
very great extent. Pleurohmch ia pileus of the British coasts 
is often found at the end of the season (July) as a series of 
isolated individuals; hut in June they occur in small shoals, 
swimming so close together that they will choke a tow-net in a 
very short space of time. 



CLASS I. TENTACULATA 


Ctenophora provided with a pair of tentacles in the larval 
stages only or in both larval and adult stages. 


Order I. Cydippidea. 

ibis order includes a .umber of spherical or oval Ctenophores, 

with a pair of tentacles retractile into deep tentacular pits in the 
adult sta^e. 

O 

Fam. 1. Mertensiidae. — The body is compressed in the trans- 
verse plane, and the ribs on the transverse areas are longer than 
those on the sagittal areas. The family includes the genus 
Euchloru, which occurs in the Mediterranean and in the northern 
part of the Atlantic Ocean. In CharistepJmne there are only two 
enormous ctenophoral plates in each of the longitudinal tracts 
These plates are so broad that they almost meet laterally to 
form two continuous circlets round the body of the animal. This 

genus is found in the Mediterranean, hut a few specimens have 
also been obtained in the Atlantic. 

In Tiner/e the body is almost cylindrical, and there is a pair 
of kidney -shaped swellings at the sides of the ahoral pole It 
lias a pale blue colour, and is found in the Guinea and south 
equatorial currents of the Atlantic Ocean 

t ' r, " ne . Mertensia been given to several forms that are 

but in V J M UU ” 8tageS ° f gune,a belonging to the Lobata, 
abund ret f, ,n8 4 the . name M - m for * species which is very 

abundant in the Arctic currents of the North Atlantic. 

Fam. 2. Calliamridae.-Two or four wing-like processes, into 

' > OL. I 

2 E 
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which the longitudinal canals extend, are found at the aboral 
pole. Callianira has two of these processes arranged in the 
transverse plane, and Luphoctenia has four. Callianira is found 
in the Mediterranean and in the Atlantic from the Arctic to the 
Antarctic waters. 

Fam. 3. Pleurobrachiidae. — The body is almost spherical 
in form, and the eight ribs are equal in length. 

This family includes the genus Pleurobrachia , in which the 
ribs extend for a considerable distance along the lines of longi- 
tude of the spherical body, but do not reach either the oral or 
the aboral areas. 1\ pileus is the commonest British Ctenophore, 
and may be found in shoals in May, June, and July at the 
surface of the sea or cast up on the sand as the tide ebbs. It is 
widely distributed in the North Atlantic waters. P. rhodopis of 
the Mediterranean has rather shorter ribs than P. pileus. Two 
new species have recently been described from the Malay 
Archipelago. 1 ffortniphura (fig* 180, p. 41o) differs from 

Pleurohrachia in having much shorter ribs, and in possessing two 
kinds of pinnae on the tentacles, those of the ordinary kind and 
others much larger and sometimes palmate in character. This 

<renus has a world-wide distribution. 

In La m pet iu it ml Euplokamis the l.ody is more cylindrical in 
shape than it is in the other genera, but the ribs and subjacent 
longitudinal canals extend up to the margin ol the aboral tiel< • 
Both these genera occur in the Mediterranean, hut Jampdta is 
also found in the Malay Archipelago. 


Order II. Lobata. 

The body is considerably flattened in the transverse plant, 
and the sagittal areas are extended into the form of two wilt 
peri s to m ial lobes. The oral ends of the areas between t it* 
transverse and sagittal ribs are extended to form four Haps, <*a e 

the “ auricles/’ There are no tentacles nor tentacle -sheaths 
of the ordinary kind in the adult form ; but numerous tentilhi, 
similar in some respects to the pinnae of the tentacles of other 
Ctenophora, form a fringe round the margin of the auricles am 
the peristome. A single pair of long, filamentous, non -retractile 
tentacles arise from the sides of the peristoinium in Eucharis 

1 F. Mosscr, '* Ctenoplioreu tier Sitoj'u Expedition,” Leiden, 1903. 
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multicornis. These tentacles have 110 sheaths, and do not hear 
pinnae. They are probably not homologous with those of other 
Ctenophora. 

The characters that separate the families of Lobata are chiefly 
those of varying size, shape, and position of the peristomial lobes 
and auricles. I11 the Lesueuriidae the peristomial lobes are rudi- 
mentary ; in the other families they are moderately or very large. 
In the Bolinidae the auricles are short, but in most of the other 
families they are long and ribbon-like. In Eucharis they can 
be spirally twisted in repose. 

The modifications of the external form seen in the Lobata 
are accompanied by some modifications of the iuternal structure 


Among these, perhaps the 
most interesting is a 
communication between 
the transverse lomri- 

O 

tudinal and the para- 
gastric canals, and the 
long convoluted tubes 
given off to the peri- 
stomial lobes by the 
sagittal longitudinal 
canals. Very little is 
known about the life- 
history and development 
of most of the Lobata, 
but Chun has shown 
that in Eucharis ■ and 
Bolina there* is a Cydip- 
piform la 1 al stage which 



Fio. 181.— Ocyroe cry. '.t alii tut. Ah, aboral sense- 
organ ; an, auricle : Caw, diverticulum from the 
paragastric canal passing into peristomial lobe ; 
Cl, costae ; M, month ; 1‘u.r , paragastric canal 
passing outwards to join one of the transverse 
subcostal canals ; J\L, peristomial lol>e ; tr, wart - 
like tubercles on tile loin*. (After Mayer.) 


produces ripe ova and spermatozoa. This is followed by a period 
id sterility, but when the adult characters are developed they 
become again sexually mature. To this series of sexual pheno- 
mena the name “ Dissogony ” is given. 

The order contains only fifteen genera, hut they are usually 
arranged in the following eight families : 

1. Lesueuriidae. Lesueuria . 


2. Bolinidae. Bolina , Bolinopsis. 

3. Deiopeidae. Deiopea. 

4. Eurhamphaeidae. Eurhamphaea. 
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5. Eucharidae. Each aria. 

6. Mnemiidae. Mnemia, Mnemiopsis. 

7. Calymmidae. Calymma. 

8. Ocyroidae. Ocyroe. 

Most of these Ctenophores occur in the warm and tropical seas; 
but Bolina is found occasionally at Plymouth in the month of 


May, on the west coast of Ireland, and at other stations on the 
British coasts. Euchciris is regarded as one of the most beautiful 
of the Phylum. A swarm, some miles in length, of large speci- 
mens of E. multicornis was met by the l'lankton Expedition in 
the south equatorial current of the Atlantic during the month 
of September. 


Order III. Cestoidea. 


In this order the body is so much compressed in the trans- 
verse plane and elongated in the sagittal plane that it assumes 
the shape of a long narrow band or ribbon. The tentacular 
sheaths are present but the tentacles are degenerate in the adult. 
The tentacular functions are performed by numerous tentilla 
situated in long grooves extending along the whole length of the 
oral side of the band-like body. The transverse ribs are reduced; 
the sagittal ribs extend along the whole of the aboral side. 

Fam Cestidae.— This is the only family of the order. 
Cestm veneris , the Venus’s girdle of the Mediterranean Sea is 
also found in the Atlantic Ocean, and specimens belonging to the 



M, rnouth. (After Bigelow.) 


same genus, but probably to a different species, occur as fai north 
as the White Sea. Some of the larger specimens are consider- 
ably over 1 metre in length. 

C. pectenalis was found in abundance off one of the Maidive 
Islands , 1 and differs from C. veneris in having a large and pro- 

1 H. B. Bigelow*, Bull. Mas. Co/nj). Zuvl. xxxix. 1904, i». 267. 
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minent orange patch at each end of the body. It is said to be 
extremely graceful in the water, moving with slow, ribbon-like 
undulations, and shining in the sunlight with a violet iridescence. 
Vexillum, from the Mediterranean Sea and Canary Islands, is 
rather more pointed at the extremities than Ccsti/s, and differs 
from it in some important anatomical characters. 


Order IV. Platyctenea. 

This order has been constituted for two remarkable genera, 
in which the oro-apical axis is so much reduced that distinct 
dorsal and ventral surfaces can be distinguished. 

There is a single pair of long milky-white tentacles capable 
of complete retraction into tentacular sheaths. 

Fam. 1. Ctenoplanidae. — Ctcnopluna was discovered by 
Korotneff in 1886 floating with the Plankton off the coast of 
Sumatra. In 1896 Willey 1 discovered four specimens on a 
cuttle -bone floating off the coast of New Guinea. To these 

authors we are indebted for the only accounts of this animal 
that have been published. 

When the Cte/iopla/ia is creeping on the bottom of a dish 
or with its dorsal side downwards on the surface film of the 
water, it has the form of a flattened disc with a notch on each 
side. On the upper or dorsal surface eight short rows of cteno- 
phoral plates may be seen, and in a position corresponding with 
the two notches in the margin of the body are situated the two 
sheaths from which the long pinnate tentacles protrude. In the 
exact centre of the dorsal surface is situated the statolith, 
supported by stiff processes from adjacent cells; and formiim a 
circlet round the statolith there is a row of short ciliated tentacles 
Ihese tentacles, however, when examined carefully in the living 
animal, are found to be arranged in two sets of about nine in 
each separated by narrow gaps on each side, the gaps corre- 
sponding 111 position with the axis through the tentacles 

When the animal is swimming it assumes a helmet-shape by 
lep es S ,ag the s.des of the body like a pair of flap, on the 

produce 'tl tHe Cten0ph0ral into play and 

>1 duu, the progressive movements of the animals. The pinnate 

tentacles are opaque white in colour, and have peculiar serpentine 

Quart. Journ. After. Set. xxxix. 1897, p. 323 . 
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movements. Very little is known at present concerning many 
details of the internal anatomy, but there is one point of con- 
siderable theoretical interest — namely, the presence of definite 
male genital ducts. 

Three of Dr. Willey’s specimens were mottled with a green 
pigment, whereas his fourth specimen and KorotnefTs only speci- 
men were mottled with a red pigment. It has yet to be deter- 
mined whether the differences which have been observed in the 
individual specimens are of specific value. 

Fam. 2. Coeloplanidae — Coeloplana was originally discovered 
by Kowalevsky in the Red Sea, but has recently been found by 
Abbott 1 oil the coast of Japan. 

The Japanese species are found principally on encrusting 
Algae, Zoster a , Melobesia , etc., which they resemble very closely 

in colour. The Red Sea species is, 
according to Kowalevsky, ciliated 
all over, but the Japanese species 
are ciliated only on the ventral 
surface. As in Ctenoplana , the 
body of Coeloplana is a flattened 
disc with a notch at each end of 
the tentacular axis, when creeping ; 
but Coeloplana does not swim, nor 
at any time does it assume a 
helmet -shape. The tentacles are 
very long and of a chalky-white 
colour. They can l>e retracted into 
tentacle-sheaths. When the animal 

Fig 183. — Coeloplana mitxvknrii, float jg excited it throws Ollt the whole 

ini? at the surface of the sea with . . i • 1 . j ...Vi'tn filii- 

the dorsal side down war«ls. T, T, tentacle ID a cloud of White flic 

(Alter mpnts, “ and to watch it at such 
a time, shooting out and retracting 
the tentacles, moving along the side of the aquarium like a 
battleship in action is truly a remarkable spectacle.” " On the 
dorsal side of the body there is a series of processes which are 
called the dorsal tentacles. The statolith is very small, and 
is not surrounded by sensory processes as it is in Ctenoplana . 
There are no ctenophoral plates. The colours of the Japanese 

1 Annot. Znofotj. Jnjwn. iv. }>( . iv. 1902, p. 1 0-5. 

2 Abbott, l.c. p. 106. 
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species are scarlet or carmine red and dirty brown or brownish 
yellow. They are from 1 to 2 centimetres in diameter. 


CLASS II. NUDA 
Ctenophora without tentacles. 

Fam. Beroidae. — Beroe , the only genus of this family and 
class, differs from other Ctenophora in several important par- 
ticulars. There are no tentacles, and the stomodaeum is so large 
that the body-form assumes that of a thimble with moderately 
thick walls. The infundibulum is small. The paragastric and 
longitudinal canals give rise to numerous ramifications which 
form a network distributed throughout the surface of the body. 
The statolith is unprotected by a dome, and the polar fields are 
bordered by a number of small branching papillae. The eight 
ribs extend for nearly the whole length of the body. Bnoe is 
almost cosmopolitan, and is frequently found at the surface of 
the sea in great numbers, li. ovatn is found off the Shetlands, 
Hebrides, and west coast of Ireland, hut is rare on the east coast 
of the British Islands and in the English Channel. At Valencia 
it is common in August and September, and sometimes reaches 
the great size of 90 mm. in length by 50 mm. in breadth. It is 
usually of a pale pink colour. 

Appendix to Ctenophora 

Hydror.tena a (denslii has recently been discovered by Dawy- 
doff 1 floating with the Plankton off the island Saparua in the 
Malay Archipelago. It is claimed to be a connecting link 
between the Ctenophora and the Medusae of the Hydrozoa. 

In extei nal features it is like one of the Narcomedusae, 
having a transparent jelly-like bell with a wide hell-mouth 
guarded by a velum (Fig. 184, 7"). There are only two simple but 
solid tentacles (0, provided with tentacle-sheaths, but inserted 
on opposite sides of the bell — not on the margin, but, as in the 
Ctenophore, at a level not far removed from the aboral pole. 
At the aboral pole there is a minute pore surrounded by a high 
ciliated epithelium hearing an orange pigment. This leads into 

1 Zool . Anz . xxvii. 1904, p. 223. 
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a short hhnd canal, which terminates in an ampulla bearing two 

statoliths supported by elastic processes from the ampullar 
epithelium. 

The sub-umbrellar cavity extends for a distance of about one- 
half the height of the bell. The mouth (M), which opens into 
this cavity, leads into a wide cavity that gives ofT a short blind 
canal to the side of each tentacular sheath, and a straight tube 
that leads straight to the statocyst, where it also ends blindly. 



Flo. 184 . — Hydroctena salenskii. ah , Abor.il organ ; Af, manubrium ; t , tentacle ; 

V, velum. (After Dawyiloff. ) 


There are no radial canals and no ring canal at the margin of 

_ o O 

the umbrella. There are also no ctenophoml plates, in the 
absence of any information concerning the position of the genital 
glands, the character of the epithelium of the tentacles and the 
development, we are not justified in regarding Hydroctena either 
as a Ctenophore or as a connecting link between the Cfceno- 
phora and the Hydromedusae. ft may be regarded simply as a 
Craspedote Medusa, probably related to the Narcomedusae, with 
a remarkable aberrant aboral sense-orcan. 
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KC II I NODE KM AT A INTRODUCTION — CLASSIFICATION ANATOM V 

OF A STAKFISli SYSTEMATIC ACCOUNT OF ASTEROIDKA 


The name Eehinodermata 1 moans literally “spiny-skinned,'* 
and thus brings into prominence one very conspicuous feature 
of most of the animals belonging to this phylum. All, it is true, 
do not possess spines; but with one or two doubtful exceptions, 
all have calcareous plates embedded in the skin, and these plates, 
in many cases, push out projections which raise the skin into 
corresponding elevations, which are called the spines. The 
spines are, like the other plates, inside the skin, and to speak of 
an Eehinoderm living in its shell, as we speak of a Snail, is a 
serious error. The shell of a Mollusc is fundamentally a 
secretion poured forth from the skin, and is thus entirely 
external to the real living parts ; hut the plates and spines of 
an Eehinoderm may he compared to our own hones, which are 
embedded deeply in the tlesh. Hence the name ossicle (little 
bone) is used to designate these organs. 

Resides the possession of these spines, Echinoderms are 
characterised by having their organisation pervaded by a 
fundamental radial symmetry. The principal organs of the 
body r are repeated and are arranged like the spokes of a wheel 
round a central axis instead ot being, as, for example, in 
Chaetopoda, arranged behind one another in longitudinal series. 

In addition to these striking peculiarities, Echinoderms 
possess a most interesting internal organisation, being in this 
respect almost exactly intermediate between the Coelenterata 

1 The name seems first to have been used by Klein in 1734, “Naturalis 
<li.>]H>sitio Krhinoilcnnatuni (Danzig). Lruckart about 1S50 first established 
Evhinoderniala as a primary division of the animal kingdom. 
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and the higher Invertebrate. Like so many of the latter, the 
Echinodermata have an anus, that is, a second opening to the 
alimentary canal through which indigestible material is rejected) 
like them also, they have a body-cavity or coelom surrounding 
the alimentary canal — from the lining of which the genital cells 
are developed. On the otiier hand, there is no definite circulatory 
system, nor any specialised excretory organ, and the nervous 
system exhibits no concentration which could be called a brain, 
and is, moreover, in close connexion with the skin. In all 
these points the Echinodermata resemble the Coelenterata. 

One of the most characteristic features of the internal 


anatomy of Echinodermata is the presence of a peculiar series 

of organs, known collectively as the water-vascular system or 

hydrocoel. This is really a special division of the coelom 

or body-cavity which takes on the form of a ring-shaped canal 

embracing the mouth, from which are given off long radial 

canals, usually five in number, running to the more peripheral 

parts of the body. 1 (Each radial canal carries a double series of 

lateral branches, which push out the skin so as to appear as 

appendages of the body. These appendages are known as 

tentacles or tube-feet ; they are both sensory and respiratory 

in function, and often in addition, as the name tube-foot 

indicates, assist in locomotion. As a general term for these 

appendages, to be applied in all cast's without reference to their 

function, the name podium has been suggested and will be 

employed here.^) A system of canals, in many ways resembling 

the water-vascular system, is found in Brachiopoda, Gephyrea 

and Polyzoa, but the peculiarity of Echinodermata is the way 

in which it is kept filled with fluid. From the ring-canal in the 

interval (or interradius) between two radial canals, a vertical 

canal, termed the stone-canal, is given off, which communicates 

with the exterior by means of a sieve-like plate, the madre- 

ponte, pierced by fine canals. These canals and the stone-canal 

itself are lined with powerful cilia, which produce a strong inward 

current, and keep the water- vascular system tensely filled with 
sea water. 

^ ie . Phylum includes the familiar Starfish and Sea-urchins, 
which m sheltered spots are found l>etween tide-marks; the 

in the adn1f^T n ?r tl *^ aC io t ^ C ra< ^ ,a * 0a nals although present in the young arc lost 

m the adult (Ludw,*, 1892, in Bronns Tkier-lutck, Hd. ii. AH Bnch i. f, 460). 
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Brittle Stars and Sea-cucumbers, which can be dredged up from 
below low-water mark, and lastly the beautiful Feather-stars, of 
which there are comparatively few species still living, although 
huge beds of limestone are composed of the remains ot fossil 
F eather-stars. 

One species of Sea-cucumber (Syimpta similis ) 1 is said to enter 
brackish water in the mangrove swamps of the tropics ; but, 
with this exception, the whole phylum is marine. A few species 
can endure partial exposure to the air when left bare by the 
receding tide, but the overwhelming majority are only found 
beneath low-water mark, and a considerable number live in the 
deepest recesses of the ocean. 

Their distribution is, no doubt, partly determined by food, 
a number of species being strictly confined to the neighbourhood 
of the shore. On the other hand, since a very large number 
of species live on the layer of mud impregnated with animal 
remains which forms the superficial layer of the deposit covering 
the sea-floor, it is not surprising to learn that many have an 
exceedingly wide range, since this deposit is very widely dis- 
tributed. Another equally important factor in determining 
distribution is wave-disturbance, and it is surprising to learn 
to what a depth this extends. Off the west coast of Ireland a 
large wave literally breaks 011 a submerged rock 15 fathoms 
beneath the surface. Speaking generally, it is useless to look 
for Echinoderms on an exposed coast, and the same species, 
which in the sheltered waters of the Clyde are exposed at low 
water, must be dredged up from 20 to 30 fathoms outside 
Plymouth Sound. 

The ordinary collector is attracted to the group chiefly by 
the regularity and beauty of the patterns produced by the radial 
symmetry, but to the scientific zoologist they are interesting from 
• many other points of view. Differing widely nevertheless from 
the higher Invertebrata in their symmetry when adult, they have 
as larvae a marked bilateral symmetry, and the secondary 
development of the radial symmetry constitutes one of the most 
remarkable life-histories known in the animal kingdom. 

Then again, owing to the possession of ossicles, the Kchino- 
derinata are one of the few groups of Invertebrata of which 
abundant remains occur fossilised. In attempting, therefore, to 


1 Ludwig, loc. cit. p. 357. 
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decipher the past history of life from the fossil record, it is 
necessary to have an exact and detailed knowledge of Eehinoderm 
skeletons and their relation to the soft parts. Lastly, the 
internal organisation of Echinoderms throws valuable light on 
the origin of the complicated systems of organs found in the 
higher animals. 

Echinodermata are divided into two great sub-phyla, which 
must have very early diverged from one another. These are: — 


( 1 ) Eleutherozoa, 


(2) Pelmatozoa. 1 


The sub-phylum Pelmatozoa, to which the living Feather- 
stars (Crinoidea) and the majority of the known fossil species 
belong, is characterised by the possession of a fixing organ placed 
in the centre of the surface opposite the mouth — the akoral 
surface as it is called. Ordinarily this organ takes on the 
form of a jointed stalk, but in most modern species it is a little 
knob with a tuft of rooting processes, termed cirri. In the 
other sub-phylum, the Eleutherozoa, no such organ is found, 
and the animals wander about freely during their adult life, 
though for a brief period of their larval existence they may he 
fixed by a stalk -like protuberance arising from the oral 


surface. 




SUB-PHYLUM I. ELEUTHEFOZOA 

The Eleutherozoa are divided into four main classes, between 
which no intermediate forms are found amongst the living species, 
though intermediate types have been found fossil. 

The four classes into which the Eleutherozoa are divided 
are defined as follows : — 

(I) Asteroidea (Starfish). — ■“ Star "-shaped or pentagonal 
Eleutherozoa with five or more triangular arms, not sharply 
marked off from the central disc. The mouth is in the centre 
of one surface, called from this circumstance the "oral ” ; the anus 
is in the centre of the opposite surface, termed the “ aboml. 
From the mouth a groove runs out on the under surface of each 

1 This classification is substantially that suggested by Jeffrey Hell, Catalogue 
of Jtrilish Echinoderms in the British Museum , 1892, except that Bell separates 
Holothuroidea from all others. Reasons will he given later for regarding Holo* 
thuroidea as modified Echinoidea. 
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arm towards its tip, termed the “ ambulacra! ’ groove. Projecting 
from the ambulacral groove are found the podia or tube- feet, the 
organs of movement and sensation of the animal 

(2) Ophiuroidea (Brittle Stars). — Eleutherozoa, in which the 
body consists of a round disc with long worm-like arms inserted 
in grooves on its under surface. No anus is present, and the 
ambulacral grooves are represented by closed canals. The podia 
are merely sensory and respiratory, locomotion being effected by 
muscular jerks of the arms. 

(3) Echinoidea (Sea-urchins). — Globular or disc-shaped 
Eleutherozoa, in which the skeleton forms a compact cuirass 
except for a short distance round the mouth (peristome) and 
round the anus (periproct). The ambulacral grooves are 
represented by canals which, like meridians of longitude ou a 
school -globe, run from the neighbourhood of the mouth to near 
the ahoral pole ol the body. The spines are large and movablv 
articulated with the plates. The animals move by means of 
podia and spines, or by means of the latter only. The anus is 
usually situated at the ahoral pole, but is sometimes displaced 
towards the side, or even on to the ventral surface. 

W Holothuroidea (Sea - cucumbers). — Sausage - shaped 
Eleutherozoa, in which the skeleton is represented only by 
isolated nodules ot calcium carbonate, and in which the body- 
wall is highly muscular. The mouth and anus are situated at 
opposite ends of the body, and the ambulacral grooves (repre- 
sented by closed canals) run from near the mouth to the 
pioximity ol the anus. Movement is accomplished by means of 
the podia, aided by worm-like contractions of the bodv. 


GLASS 1. ASTEIIOIDEA 1 (Starfish) 

The Starfish derive their name from their resemblance in 
p£e t0 the conventional image of a star. The hotly consists 
of broad triangular arms (generally five in number) which 
coalesce m the centre to form a disc. The skin is soft and 

1706 Johann 9 mmi ’ . eJSot ’ lurm ' Linnaeus established the genus Asteriaa in 
HrJln r, i 18 , 42 ,,SC, ‘ t,,C “ Aston, 1,„," and in S U „,,n dcr 

group wus laid ' ^ " 1IK ^ ri>st ' lK '*> t,lt ‘ foundation of our knowledge of the 
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semi-transparent, permitting the skeleton to be easily detected ; 
this consists of a mesh-work of rods or plates, leaving between 
them intervals of soft skin. In a living Starfish it can be seen 
that many of these soft places are raised up into finger-like 
outgrowths, which are termed “ papulae ” or “ dermal gills/' 
through the thin walls of which an active interchange of gases 
with the surrounding water takes place, and the animal obtains 
in this way the oxygen necessary for its respiration. 

Very few and feeble muscle-fibres exist in the body-wall, and 
the movements of the arms, as a whole, are very slow and limited 
in range. There is a membranous lip surrounding the mouth, 
from which live broad grooves run outwards, one on the under- 
side of each arm. These are termed the “ ambulacral grooves." 
Each groove is A-shaped, and its sides are stiffened by a series ol 
rod-like ossicles called the “ambulacral ossicles." 

The animal progresses by the aid of a large number of trans- 
lucent tentacles, termed “ tube-feet ” or “podia," which are attached 
to the walls of the ambulacral grooves. 

Anatomy of a Starfish. — As an introduction to the study of 
the anatomy not only of Starfish but of Echinodermata as a 
whole, we select Astcrias rubens, the common Starfish of the 
Pntish coasts, which in many places may be found on the beach 


near low-water mark. 

External Features. -- In this species (Fig. 185) the skeleton 
is a net-work of rod-like plates, leaving wide meshes between 
them, through which protrude a perfect forest of transparent 
papulae. From the points of junction of the rods arise short 
blunt spines surrounded by thick cushions ol skin. The surfaces 
of these cushions are covered with a multitude of whitish specks, 
which, on closer inspection, are seen to have the form of minute 
pincers, each consisting of two movable blades crossing each other 
below and articulated to a basal piece. T hese p ecul iar organs an 
termed “ pedicellariae ” (Fig. 18G), and their function is to keep 
the animal clean by seizing hold of any minute organisms which 
would attempt to settle on the soft and delicate skin. When 
irritated the blades open and then snap together violently, an 
remain closed for a long time. 1 These actions are brought about 
by appropriate muscles attaching the blades to the basal piece. 


1 Uexkiill, ‘‘Die Physiologie <ler Pedicellarien,” Zeilschr. J . Biol, xxxvii. 1899, 
p. 356. 
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The last-named ossicle increases the certainty of the grip by 
fixing the lower parts of each blade in the same vertical plane, 
and preventing lateral slipping, so that it serves the same pur- 
pose as the pivot in a pair of scissors. Each blade, in fact fits 
into a groove on the side of tins piece. The muscles which close 



f.o. 185. from the all0ral ^ xi ^ Madrepor . te 


»d ' 0Wer ” f «» bWes, 

Attaches the whole organ tolnp co ^ > ^ oa 1 J 1U8cu,ar string which 
An attempt of the victim to tP- °h ^ ? ates . ^ ie skeleton, 
by the contraction of th' 10 I >et ^ ce ^ a ria out is resisted 

closer grip 0 f the hi id 1S S y nng> wlllch thus brings about a 

they must first be lifted ^ut oAh^ that ^ l>ladeS ° pen 

this is effected by special lifHrf gr °° V ^ on the basal P iece — 
vol. i - ^ fting muscles. The opening is 
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brought about by muscles extending from the “ handle ” of one 
blade to the upper part of the other. 

Scattered about amongst the papulae between the cushions 
are other pedicellariae of a larger size in which the blades do 

not cross one another (Fig. 186, B). 

In the space or “ interradius ” between two arms, on the aboral 

surface, there is found a button-shaped ossicle. This is covered 

with fine grooves, and 
from a fancied resemb- 
lance between it and 
some forms of coral it 
has received the name 
“ madreporite ” (Fig. 

1 8 5, mart). The bottoms 
of the grooves are per- 
forated by capillary 
canals lined by flagella, 
through the action of 
which water is con- 
stantly being intro- 

p IO 186 .—View of peilicellariae of A. glacudis. A., duced into the Water- 

Crossed form, x 100. 1, Ectoderm covering the i qvstein 

whole organ ; 2, basal piece ; 3, auxiliary muscle VaSGUlar sy , 

closing the blades ; 4, muscle lifting right blade out The anUS IS Situated 

of the groove ; 5, handle of left blade ; 6, muscles centre of the 

closing the blades, and uniting to form 7, the near tl e 
muscular string attaching Ore pedicellaria to the U pp er surface ot tlie 

skeleton. B, straight form, x 10. 1, Basal piece ; ** minute 

2, blades ; 3 and 4, muscles closing the blades ; dlSC, but it 1 

5, muscle opening the blades. (From Cuenot.) ag £q require careful 
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inspection in order to discover its position (Fig. 185). 

On the under side of the animal the most conspicuous features 

are the five ambulacral grooves which radiate out from the 
“ peristome,” a thin membranous area surrounding the centra 
mouth. The grooves are filled with the tube-feet, which are 
closely crowded together and apparently arranged in four rows. 

Skeleton. — The sides of the ambulacral grooves are 
stiffened by the rod-like “ ambulacral ossicles. To the oute 
ends of these are articulated a set of shorter rods terme 
“ adambulacral ossicles ” which carry eacli two or three ro 1 
spines, the “ adambulacral spines,” the skin covering whic 
numerous pedicellariae (Fig. 187, B). When the aD * in ** * 
irritated the edges of the groove are brought together, an Ae 
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spines then form a trellis- work covering and protecting the 
delicate tube- feet; the numerous pedicellariae are then in a 
position to make it unpleasant for any intruder. The closure of 
the groove is effected by means of powerful muscles connecting 
each ambulacral ossicle with its fellow. There are also feebler 



muscles connecting these plates with their successors and pre- 
JenilTnl W UCh T enable the ““ t0 be downwards in a 

the dorsa! wall of the coelom to the point of the arm. ° 

followed^ G 8 t^ e8 am kulacral and adambulacral ossicles is 
folded i nwards toward. the mouth it i, seen that the first 

nbulacral oe.,cle „ closely fixed to the second, but la widely 
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separated from its fellow, remaining, however, connected with 
the latter by a powerful adductor muscle. In consequence of the 
separation of this pair of ossicles each is brought into closer 
contact with the corresponding ossicle in the adjacent radius, to 
which it is connected by a muscle called the abductor. The 
first adambulacrals in adjacent radii are also brought into closer 
contact and carry long spines which, when the ambulacral 
grooves are contracted, project like a grating over the mouth. 

In the order of Asteroidea to which Asterias belongs, the adam- 
bulacrals themselves do not project much, but in all other cases 
they form prominent mouth-angles, so that the opening of the 
mouth becomes star-shaped /(Fig. 211, p. 483). 

Except in the case of the ambulacral and adambulacral plates 
little regular arrangement is to be detected in the ossicles of the 
skeleton which, as has already been mentioned, form a mesh- 
work. If, however, the arm be cut open and viewed from the 
inside it will be seen that the edge is strengthened above and 
below by very thick, powerful, rod-like plates. These are called 
the “ supero-marginal ” and “ infero-marginal ” ossicles ; they are • 
not visible from the outside, since they are covered by a thick 
layer of the body- wall containing other smaller plates (lig. 190, 
marg). In many genera, however, they are exposed, and form- a 
conspicuous edging to the arm above and below. In many 
genera, also, there are three conspicuous series of plates on the ^ 

back of each arm, viz. a median row, calledj^ggjuasl^ ( car -> 
Fig. 191), and two lateral rows, termed “ dorso-la terals ” (d.lat., 
Fig. 191). These three rows, with the two rows of marginals, 
one of ambulacrals, and one of adambulacrals on each side (11 
rows in all), constitute the primitive skeleton of the arm, and 


same. 


appear first in development. 

The structure of all these elements of the skeleton is the 
They may be described as scaffoldings of carbonate of 
lime, interpenetrated by a mesh -work of cells fused w i th one 
another, by which the carbonate of hmeTias been deposited. The 
matrix in which the ossicles lie is a jelly-like substance traversed 
by a few bands of fibres which connect the various rods with one 
another. This jelly is almost fluid in the fresh state, but when 
heated forms a hard compound, possibly allied to mucin, which 
will turn the edge of a razor. 

When the covering of the back is dissected off the coelott 


is 
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opened. This is a spacious cavity which apparently surrounds 
the alimentary canal and extends into the arms. It has, how- 
ever, its own proper wall, which is called the “ peritoneum,” both 
on the outer side, where it abuts on the skin, and on the inner 
side, where it comes in contact with the wall of the alimentary 
canal. The outer wall is called the “ somatic peritoneum,” and it 
is possible to dissect off the rest of the body-wall and leave it 
intact ; the inner wall, from its close association with the 
alimentary canal, is termed the “ splanchnic peritoneum.” This 
wall can only be distinguished in microscopic sections from that 
of the alimentary canal, to which it is closely applied. 

The coelom is filled with a fluid, which is practically sea 
water with a little albuminous matter in solution. Through the 
thin walls of the papulae oxygen passes into this fluid, whence it 
easily reaches the inner organs, since they are all in contact 
with some part of the coelomic wall. Similarly C0 2 is absorbed 
y the coelomic fluid from all parts of the body, and diffuses 
through the papulae to the surrounding water. 

Ihe Starfish possesses no definite kidney for getting rid of 
nitrogenous waste. In most of the higher animals witii a well- 
developed coelom it has been proved that the kidney is simply a 
specialised portion of the coelom, and in many cases some parts 
of the coelomic wall still retain their excretory functions, which 
apparently the whole originally possessed. In the Starfish and 
m i/chinodermata generally this primitive state of affairs is still 
letained. From the cells forming the coelomic wall cells are 
budded off into the fluid, where they swim about. These celb 
* ^movements are called amoebocytes. If a substance 

of the " d ; g °- Carmm ?- Which wlie n introduced into the tissues 
of the higher animals is eliminated by the kidney, is injected 

to the Starfish, it is found soon after to be vigorously absorbed 

by the amoebocytes. These later accumulate in the dermal 

to 'the * o u t sVl' r ° U 1 the , thin WallS ° f Which the y make their way 
the outside, where they degenerate. " 

from thirl, 7 i V nde " t i ed 1>y five folds ’ which P™j<*t inwards 

septa” thev rir ^ 03116(1 the “ interradial 

however suffici^! ^ 7 & UalcareoUS de P osit - which is not, 

• , sufficiently dense to constitute a plate. In one of the 

1891 r*pp h 81* s ^. andCrl ' ,e Cel ' S Echinoder, " ata >” Quart. J. Micr. Sci. xxxiii. 
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septa the axial sinus and stone-canal (see below) are embedded. 
These septa are to he regarded as areas of lateral adhesion 
between the arms. 

The alimentary canal consists of several distinct portions. 
The mouth leads by a narrow neck called the “ oesophagus ” into 



a voluminous baggy sac termed the “ stomach, which is produced 
into ten short pouches, two projecting into each arm. T c 
stomach leads in turn by a wide opening into a pentagons 
flattened sac, the “ pyloric sac,” which lies above it. Each ang e 
of the pyloric sac is prolonged into a tube — the so-called pyloric 
duct ” — running out into the arm, where it immediately bifurcates 
into two forks, each beset by a large number of small pouches 
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and attached to the dorsal wall of the coelom by suspensory 
hands of membrane called mesenteries. These ten forks are called 
“ pyloric caeca ” ; they are of a deep green colour owing to the 
pigment in their wall. Beyond the pyloric sac the alimentary 
canal is continued as the slender “ rectum ” to the anus. The 
rectum gives off two small branched pouches of a brown colour 
called “ rectal caeca.” This comparatively complicated form of 
alimentary canal is related to the nature of the food of the animal 

and the method it employs to capture its prey. 

The favourite food 1 of Asterias consists of the common bivalves 



Fiq. 189. — View of a Starfish ( Echinaster ) devouring a Mussel. 1. The madreporite. 

of the coast, notably of the Mussel ( My til us edulis). There is, 
however, no animal which it will not attack if it is fortunate 
enough to be able to catch it. The Starfish seizes its prey by 
the tube-feet, and places it directly under its mouth, folding its 
arms down over it in umbrella fashion. The muscles which run 
around the arms and disc in the body-wall contract, and the 
pressure thus brought to hear on the incompressible fluid con- 
tained in the coelom, forces out the thin membranous peristome 
and partially turns the stomach inside out. The everted edge of 
the stomach is wrapped round the prey. 

1 Starfish arc most destructive on oyster-beds, and hence possess considerable 
negative economic value. 
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Soon the bivalve is forced to relax its muscles and allow the 
valves to gape. The edge of the stomach is then inserted between 
the valves and applied directly to the soft parts of the prey 
which is thus completely digested. When the Starfish moves 
away nothing but the cleaned shell is left behind. If the bivalve 
is small it may be completely taken into the stomach, and the 
empty shell later rejected through the mouth. 

It was for a long time a puzzle in what way the bivalve was 
forced to open. Schiemenz 1 has, however, shown that when the 
Starfish folds itself in umbrella-like form over the prey it holds 
on to the substratum by means of the tube-feet of the distal 
poitions of the arms, whilst, by means of the tube-feet belonging 
to the central portions, it drags apart the valves by main force. 
He has shown experimentally: (1) that whilst a bivalve may be 
able to resist a sudden pull of 4000 grammes it will yield to a 
pull of 900 grammes long continued; (2) that a Starfish can 
exert a pull of 1350 grammes; (3) that a Starfish is unable to 
open a bivalve unless it be allowed to raise itself into a hump, 
so that the pull of the central tube-feet is at right angles to the 
prey. A Starfish confined between two glass plates walked about 
all day carrying with it a bivalve which it was unable to open. 

The lining of the stomach is found to consist very largely of 
mucus-forming cells, which are swollen with large drops of mucus 
or some similar substance. It used to be supposed that this 
substance had some poisonous action on the prey and paralysed 
it, but the researches of Schiemenz show that this is incorrect. 

If when an Asterias is devouring a bivalve another be offered to 
it, it will open it, but will not digest it, and the victim shows no 
sign of injury but soon recovers. The cells forming the walls 
of the pyloric sac and its appendages are tall narrow cylindrical 
cells crowded with granules which appear to be of the nature of 

digestive ferment. This substance flows into the stomach and 
digests the captured prey. 

A very small amount of matter passes into the rectum and 
escapes by the anus, as the digestive powers of the Starfish are 
very complete. The rectal caeca are lined by cells which secrete 
from the coelomic fluid a brown material, in all probability an 
excretion, which is got rid of by the anus. 

* ' M** l *’- desdeulsc/ien Seefisch e rvcr c ins xii. 1896, i». 102, and J. Mar. Biol. Ass. 

iv. 1895-97, \>. 266. 1 
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When the meal is finished the stomach is restored to its 
former place by the action of five pairs of retractor muscles, one 
pair of which originates from the upper surface of the ambulacral 
ossicles in £ach arm and extends to the wall of the stomach, 
where they ares inserted (Fig. 100, ret). 

The tube-feet, which are at once the locomotor and the prin- 
cipal sensory organs of the Starfish, are appendages of that peculiar 
system of tubes known as the water-vascular system, which is 
derived from a part of the coelom cut off from the rest during 
the development of the animal. This system, as already men- 
tioned, consists of (1) a narrow “ ring-canal,” encircling the mouth 
and lying on the inner surface of the membranous peristome ; 
(2) a radial canal leaving the ring-canal and running along the 
under surface of each arm just above the ambulacral groove ; 
(.'!) a vertical stone-canal running from the madreporite down- 
wards to open into the ring-canal in the interspace, between two 
arms. 1 he madreporite is covered externally by grooves lined with 
long cilia, and is pierced with narrow canals of excessively fine 
calibre, the walls of which are also lined by powerful cilia. Most of 
these narrow canals open below into a main collecting canal, the 
stone-canal, but some open into a division of the coelom termed 
the axial sinus, with which also the stone-canal communicates by a 
lateral opening. The cavity of the stone-canal is reduced by the 
outgrowth from its walls of a peculiar Y-shaped projection, the 
ends being rolled on themselves in a complicated way (Fig. 190, II). 
The walls of the caual consist of a layer of very long narrow cells, 
which carry powerful flagella, and outside this of a crust of 

calcareous deposit, which gives rigidity to the walls and hi 
suggested the name stone-canal. 

(The tube-feet are covered externally by ectoderm, inside which 
is a tube in connexion with the radial water-vascular canal. This 
latter is lined by flattened cells, which in the very young Star- 
fish are prolonged into muscular tails; in the older animal these 
tails are separated off as a distinct muscular layer lying between 
the ectoderm and the cells lining the cavity of the tube. The 
tube-foot is prolonged inwards into a bulb termed the “ ampulla,” 
which projects into the coelom of the arm and in consequence is 
covered outside by somatic peritoneum. Just where the ampulla 
passes into tie tube -foot proper the organ passes downwards 
between two of the powerful ambulacral ossicles which support 


ilS 
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the ambulacral groove, and a little below this spot a short 
transverse canal connects the tube-foot with the radial canal 
which lies beneath these ossicles (Fig. 191). 

The tube-feet are, therefore, really a double row of lateral 


amb. oss. 



Flo. 190. — A, view of the under half of a specimen of A sterias rube ns, atone- 

horizontally divided into two halves. B, enlarged view of t le ® XI . . .* amp. 

canal and genital stolon cut across. amb.oss, Ambulacra it V sto i 0 „ ; 

ampullae of the tube-feet ; ar.s, axial sinus ; gon y gonad ; 8 per j. 

marg, marginal ossicle; nerv.circ , nerve ring ; or, cut end of oesop ag ■ », . one e 
stome ; ret, retractor muscle of the stomach ; sept, interradm sep * 
stone-canal ; T, Tiedeinann’s body ; ir.v.r , water- vascular nng-cana . 

branches of tlie radial canal. The appearance of being airang 

in four rows is due to the fact that the transverse canals connec 

ing them with the radial canal are alternately longer and s i°r ’ e * 
so as to give room for more tube-feet in a given length o ie 
arm. Each tube-foot ends in a round disc with a s ig 1 y 
thickened edge. The radial canal terminates in a finger-s iape 
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appendage, called the median tentacle, at the base of which is 
the eye. 

The manner in which this complicated system acts is as 
follows — When the tube-foot is to be stretched out the ampulla 
contracts and drives the fluid downwards. The contraction of 
the ampulla is brought about by muscles running circularly 
around it. The tube-foot is thus distended and its broad flattened 
end is brought in contact with the surface of the stone over 
which it is moving and is pressed close against it. Ihe muscles of 
the tube-foot itself, which are arranged longitudinally, now com- 
mence to act, and the pressure of the water preventing the tearing 



Fig. 191 . — Diagrammatic cross- 
section of the arm of a 
Starfish, adamb , Adambu- 
lacral ossicle ; amb, ainbu- 
lacral ossicle ; amp, ampulla 
of tube - foot ; branch, 
papula ; car, earinal plate ; 
d.lat , dorso-lateral plate ; 
inf. tnarg , inl'ero - marginal 
plate ; p.br , peribranchial 
space ; pcd, pedicellaria ; 
s.marg , supero - marginal 
plate. The nervous ridge 
between the bases of the 
tube-feet and the two peri- 
haemal canals above this 
ridge are shown in the figure 
but not lettered. 


away of the sucker from the object to which it adheres, the 
Starfish is slowly drawn forward, whilst the fluid in the tube-foot 
flows back into the ampulla. 

If each tube-foot were practically water-tight, then each would 
be entirely independent of all the rest, and it would not be easy 
to suggest a reason for the presence of the complicated system 
of radial canals and stone-canal. Just at the spot, however, 
where the transverse canal leading from the radial canal enters 
the tube- foot there is a pair of valves which open inwards and 
allow fluid to pass from the radial canal into the tube-foot but 
prevent any passing outwards in the reverse direction. The 
presence of these valves renders it probable that the tube-foot is 
not quite water-tight ; that when it is distended under the 
pressure produced by the contraction of the muscles of the 
ampulla, some fluid escapes through the permeable walls ; and 
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that the loss thus suffered is made up by the entry of fresh fluid 
from the radial canal. The radial canal in turn draws from the 
ring-canal, and this last is supplied by the stone-canal, the 
cilia of which keep up a constant inward current. 

In the fluid contained in the water-vascular system, as in the 
coelomic fluid, there are amoebocytes floating about. These are 
produced in short pouches of the ring-canal, nine in number, 
which are called after their discoverer “ Tiedemann's bodies” 

(fig. 190, T). From the cells lining these the amoebocytes are 
budded off. 


The nervous system of the Starfish is in a very interesting 
condition. The essential characteristic of all nervous systems is 
the presence of the “ neuron,” a cell primitively belonging to an 
epithelium but which generally has sunk below the level of the 
others and lies amongst their bases. This type of cell possesses 
a round body produced in one direction into a long straight 
process, the “ axon,” whilst in the other it may have several 
root-like processes, or “ dendrites,” which may spring from a 
common stem, in which case the neuron is said to be “bipolar.” 
The axon is often distinguished as a “ nerve-fibre ” from the round 
body which is termed the “ nerve-cell.” This is due to the fact 
that for a long time it was not recognised that these two struc- 
tures are parts of a whole. 

Now at the base of the ectoderm all over the body of the 
Starfish there is to be found a very fine tangle of fibrils; these 
are to be found partly in connexion with small bipolar neurons 
lying amongst them and partly with isolated sense-cells scattered 
amongst the ordinary ectoderm cells. This nervous layer is, 
however, very much thickened in certain places, so as to cause 
the ectoderm to project as a ridge. One such ridge is found at 
the summit of each ambulacral groove running along the whole 
under surface of the arm and terminating in a cushion at 
the base of the median tentacle of the water- vascular system. 
This ridge is called the radial nerve-cord. The five radial 
nerve -cords are united by a circular cord, the nerve -ring, 
which appears as a thickening on the peristome surrounding 
the mouth. 

The sense-organs of the Starfish are chiefly the discs of the 
tube-feet. Kound the edges of these there is a special aggrega- 
tion of sense-cells ; elsewhere, as in the skin of the back, only 
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isolated sense-cells are found, and it becomes impossible to speak 
of a sense-organ. 

A prolongation of the radial nerve -cord extends outwards 
along one side of each tube-foot. This is often spoken of as 
the “ pedal nerve,” but the term nerve is properly retained for 
a mere bundle of axons such as we find in the higher animals, 
whereas the structure referred to contains the bodies of nerve- 
cells as well as their outgrowths or cell-fibres and is therefore a 
prolongation of the nerve-cord. 



ncrv.circ 


Fig. 192.— Diagrammatic longitudinal section through a young Asteroid passing through 
the tip of one arm and the middle of the opposite interradius. This diagram is 
generalised from a section of Asterina gibbosa. ab , Aboral sinus ; ux, axial sinus ; 
ax 1 , hasal extension of axial sinus forming the inner perihaemal ring-canal ; hr, 
branchia = gill = papula ; g.r, genital rachis ; mp, madreporite ; inusc.lr, muscle 
uniting a pair of ambulaeral ossicles; nerv.circ, nerve- ring; n.r, radial nerve- 
cord ; uc , eye-pit ; oss, ossicles in skin ; jhbr, perihrancliial sinus ; p.c, pore canal ; 
perih (on the right), perihaemal radial canal, (on the left), outer perihaemal ring- 
canal ; py, pyloric caecum ; red, rectum ; rect.caec , rectal caeca ; up, spines ; st.c, 
stone-canal; t, median tentacle terminating radial canal; w.v.r, water- vascular 
radial canal. The genital stolon (not marked by a reference line) is seen as an 
irregular band accompanying the stone-canal, its upper end projects iuto a small 
closed sac, also unmarked, which is the right hydrocoele or madreporic vesicle. 


At the base of the terminal tentacle the radial nerve-cord 
ends in a cushion. This cushion is called the “ eye,” for it is 
beset with a large number of cup -shaped pockets of the 
ectoderm. Each pocket is lined partly by cells containing a 
bright orange pigment and partly by visual cells each of which 
jnds in a small clear rod projecting into the cavity of the pit 
(Fig. 193, A, vis.r). The pit is apparently closed by a thin sheet 
of cuticle secreted by the most superficial cells. 

An exposed nervous system and simple sense-organs such as 
the Starfish possesses lend themselves admirably to the purposes 
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of physiological experiment, and so Starfish have been favourite 
“ corpora vilia ” with many physiologists. 

The light-perceiving function of the eye is easily demon- 
strated. If a number of Starfish be put into a dark tank 
which is illuminated only by a narrow beam of light they will 
be found after an interval to have collected in the space reached 
by the beam of light . 1 If all the median tentacles but one be 

removed this will 
still be the case ; if, 
however, they are 
all removed the 
Starfish will exhibit 
indifference to the 
light. 

If the under sur- 
face of a Starfish 
be irritated by an 
electric shock or a 
hot needle, or a 
drop of acid, the 
tube - feet of the 
affected area will be 
strongly retracted, 
and this irritation 
will be carried by 
the pedal nerves to 

Fig. 193.— A, longitudinal section of a single eye-pit of ra dial nerve- 

Asterias. s.n, Nucleus of supporting cell ; w.«, nucleus 

of visual cell ; vis.r, visual rod. B, view of the terminal CO rd, With the re- 
tentacle showing the eye-pits scattered over it. (After fi na Py a ll 

Pfeffer,) the tube-feet in the 

groove will be retracted and the groove closed by the action of 
the transverse muscle connecting each ambulacral ossic e wi 
its fellow. If, on the other hand, the back of a Starfish be 
irritated this may produce a contraction of the tube-feet 1 
irritation be strong, but this will be followed by active alterna e 
expansions and contractions, in a word, by endeavours to move. 
Preyer 2 by suspending a Starfish ventral surface upwar , y 

1 Romanes, “ Jellyfish, Starfish, and Sea Urchins,” Intern. Scientific Series, 18 » 

pp. 320, 321 ; Preyer, “ Bewegungen von Stelleriden,” Mitth. Zool. Stat. cape , 
vii. 1886-87, p. 22. 2 Preyer, loc. cit. p. 49. 
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means of a small zinc plate to which a string was attached 
which passed through a hole bored in the back and through the 
mouth, caused movements of this description which lasted for 
hours. Irritation of the back causes also activity of the local 
pedicellariae, which open their valves widely and then close 
them with a snap in the endeavour to seize the aggressor. 

The uninjured Starfish in moving pursues a definite direction, 
one arm being generally directed forwards, but this may be any 
one of the five. The tube-feet of this arm are directed forwards 
when they are stretched out, by the slightly unequal contraction 
of the longitudinal muscles of opposite sides of the foot, which 
persists even when the circular muscles of the ampulla are 
contracting. They thus may be said to swing parallel to 
the long axis of the arm. The tube-feet of the other arms 
assist in the movement, and hence swing obliquely with 
reference to the long axis of the arm to which they belong, 
although they move parallel to the general direction in which 
the Starfish is moving. A change in the direction of the swing 
of the tube-feet will bring about a change in the direction of the 
movement of the animal as a whole. If now the connexion of 
each radial nerve-cord with the nerve-ring be cut through, each 
arm will act as a separate Starfish and will move its tube-feet 
without reference to the movement of those in the other arms, 
so that the animal is pulled first one way and then another 
according as the influence first of one arm and then of another 
predominates. Similarly, when a Starfish is placed on its back, 
it rights itself by the combined action of the tube-feet of all the 
arms, extending them all as widely as possible, those which first 
catch hold being used as the pivot for the turning movement. 
If, however, the radial nerve-cords are cut through, each arm 
tries to right itself and it is only by chance that the efforts of 
one so predominate as to turn the whole animal over. From 
these experiments it is clear that the nerve-ring acts as co- 
ordinator of the movements of the Starfish, that is to say as its 
brain. 

If a section be taken across the arm of a Starfish (Fig. 191), 
it will be seen that between the V-shaped ridge constituting the 
radial nerve-cord and the radial water-vascular canal there are 
two canals lying side by side and separated from one another by 
a vertical septum. These canals are not mere splits in the sub- 
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stance of the body-wall, but have a well-defined wall of flattened 
cells. They are termed, for reasons which will be explained 
subsequently, perihaemal canals, and they open into a circular 
canal called the “ outer perihaemal ring,” situated just beneath the 
water - vascular ring - canal (Fig. 192, perih). These canals 
originate as outgrowths from the coelom. From their upper 
walls are developed the muscles which connect the pairs of 
ambulacral ossicles and close t.he groove, and also those which 
connect each ossicle with its successor and predecessor and help 
to elevate or depress the tip of the arm. 

In most of the higher animals the processes of many of the 
ganglion-cells are connected together in bundles called “ motor 
nerves,” which can be traced into contact with the muscles, and 
thus the path along which the stimulus travels in order to evoke 
movement can clearly be seen. No such well-defined nerves can 
be made out in the case of the Starfish, and it is therefore 
interesting when exceptionally the paths along w’hich stimuli 
travel to the muscles can be traced. This can be done in the 
case of the muscles mentioned above. Whereas they originate 
from the dorsal walls of the perihaemal canals, ganglion-cells 
develop from the ventral walls of these canals, which are in close 
contact with the nerve-cord, so that the nervous system of the 
Starfish is partly ectodermic and partly coelomic in origin. 
Stimuli reaching the ectodermic ganglion-cells are transmitted 
by them to the nervous part of the wall of the perihaemal canal 
and from that to the muscular portion of the same layer of cells. . 

Besides the radial perihaemal canals and their connecting 
outer perihaemal ring there are several other tubular extensions 
of the coelom found in the body-wall. These are : — 

(1) The “inner perihaemal canal,” a circular canal in close 
contact with the inner side of the outer perihaemal canal 
(Fig. 192, ax 1 ). 

(2) The “ axial sinus ” ( ax ) a wide vertical canal embedded in 
the body-wall outside the stone-canal. This canal opens into the 
inner perihaemal canal below ; above it opens into several of 
the pore-canals and into the stone-canal. The separation of the 
axial sinus from the rest of the coelom is the remains of a feebly 
marked metamerism in the larva. 

(3) The “ madreporic vesicle,” a closed sac embedded in the 
dorsal body-wall just under the madreporite. This sac by its 
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the latter continually diminishes in size, and eventually entirely 
disappears, when the young Starfish commences to walk about 
on its podia. The disc becomes bent downwards and to the left 
so as to make nearly a right angle with the stalk, and the last 
vestige of the latter springs from the peristome of the Starfish 
inside the water-vascular ring (Figs. 289, B, C). 

The form of the Starfish is attained principally by the 
preponderant growth of the left hydrocoel and of the left posterior 
coelom. Both these sacs take on the form of hoops, which, 
>y the meeting of their ends, are converted into rings. The 
hydrocoel has already grown out into five lobes, which are the 



""■•st Tu't sts'S-*; a. 
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formed about the same time. The primary pore -canal in 
As.'erina as in all Dipleurulae opens into the anterior coelom ; 
the stone-canal is formed from a ciliated groove running along 
the neck of communication between this and the hydrocoel. 
The constriction dividing the body into disc and stalk divides 
the anterior coelom (single in Asterina as in the older Bipinnaria) 
into two parts ; the portion included in the disc forms the axial 
sinus of the adult. The lower end of the axial sinus expands and 
surrounds the <qdult mouth, forming the inner perihaemal ring ; the 
outer perihaemal ring is formed by the juxtaposition of four wedge- 
shaped outgrowths from the left posterior coelom and one from 
the anterior coelom. From these the radial perihaemal canals 


A B C 



3 n 

Fig. 289.— Views of larvae of Asterina gibbosa in the course of metamorphosis. A, , larva 
of eight days, from the right ; B, left, and C, right view of larva of nine days , 
1-5, lobes of hydrocoel ; I-V, r ml injects of arms. (After Ludwig.) x 


subsequently grow out into the arms. The metamorphosis o 
Bipinnaria has been well worked out by Goto, 1 and it agrees in 
essential features with that of Asterina gibbosa ; in fact, t ie 
differences which Goto maintains between the two types may 
be reasonably explained on the supposition of some stages 
having escaped the notice of this observer. The larva- develops 
on the apex of the prae-oral lobe three papillae foi^occasiona 
attachment, 2 and in the centre of these a cup-shaped disc or 
permanent fixation when the prae-oral lobe is converted into a 
stalk. When these papillae (Fig. 290, fix') have been developed 
the larva is known as a Brachiolaria. 

1 “The Fate of the Body-cavities in thc""Metamorj>liosis of Asterias pallida, J • 

Coll. Japan , x. 1898, p. 239. _ • /' '* 

2 Yves Del age, “ Elcvage des Larvcs i^artlienog.'netiqms <C Asfrrh/s ylacm rs, 

Arch. Zottl. Exp. (4) ii. 1904, ji. 27. 
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The metamorphoses of the other types of Dipleurula contain 
no fixed stage. They are what might be called “ cataclysmal 
metamorphoses.” That is to say, the outer form and habits 
of the larva are preserved till the last moment, whilst the 
organs of the adult are being gradually perfected ; then in an 
hour or two all trace of larval structures disappears. The 
Ophiopluteus preserves the larval mouth, round which the 
hydrocoel grows ; the 
long lateral ciliated 
processes are preserved 
till the animal has 
attained all the adult 
characters. Before 
this, however, it passes 
through what ;nay be 
called an “ Asteroid ” 
stage in development, 
in which the ambu- 
lacral grooves are open. 

The Echinopluteus loses 
both larval mouth and 
anus. It develops the 
adult organs on the 
floor of a sac-like in- 
vagination of the ecto- 
derm, situated on the 
left side within a loop 
of the ciliated band 
(Fig. 291, B,C). This 
invagination becomes 

completely closed. It is termed the “ amniotie cavity,” and its roof 
is termed the “ amnion.” On its floor are developed the primary 
tentacles, terminating the radial canals, as well as a number of 
spines. After taking on a creeping life and losing its larval 
appendages, the young Sea-urchin passes through an “ Asteroid ” 
condition, in which the arched dorsal surface, the future periproct 
is greater in extent than the ventral, and the radial canals run 
horizontally out from the water -vascular ring and terminate 
m free movable podia (Fig. 291, C and D, pod), ending in 
suckers, in the centre of which are pointed sense-organs. These 
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}>odia become later enclosed in grooves in the corona, and are 
reduced to vestiges in the adult. 

Ihe Auncularia is the only type of Dipleurula in which 
larval mouth and anus are retained. For this reason it has been 
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Fig. 291. — Four views of Echinopluteus from the left side, to show the metamorphosis. 
A, B, and C are taken from the development of Echinus miliaris. D is a young 
Echinus esculcntus. The rudiment of the oral disc of the Echinus is seen 
beginning in B and larger in C. ad.stom, Adult stomodaeum ; cil.ad, adoral ciliated 
band ; cil.cp , ciliated epaulette ; coe, coelom ; d.sp , prismatic spine of dorsal surface 
(pcriproct) of adult ; ech, rudiment of Echinus ; int, intestine ; l.oes, larval oeso- 
phagus ; mp, madreporic pore ; nerve circ , nerve - ring of adult ; pod, first paired 
tube -feet; st, stomach; t, terminal tentacle of the radial band; v.sp, pointed 
ventral spine of adult. A, B, and D magnified 45 diameters ; C, 60 diameters. 


supposed that its median plane of symmetry remains the median 
plane of the adult. The researches of Bury 1 have shown that 
this is not so. As in other types of Dipleurula (with the 
possible exception of the Ophiopluteus) the adult position of the 

* The Metamorphosis of Ecliinoderms,” Quart. Joum. After, Sc. xxxviii. 1895, 

p. 45. 
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mouth is on the left side of the larva, and in the commencement 
of the metamorphosis the mouth migrates into this position (Fig. 
286, C). Then the rudimentary prae-oral lobe is rapidly 
absorbed, so that the mouth again acquires a terminal posi- 
tion. The hydrocoel (Fig. 286, A, hy) has by this time com- 
pletely encircled the oesophagus, and from it grow out the radial 
canals which bud off the feelers 1 (buccal tentacles) into the 
larval stomodaeum. This, although it later flattens out to form 
the adult peristome, forms in these 
stages an almost closed sac, re- 
minding us of the amniotic cavity 
in the Echinopluteus. The ciliated 
band breaks up into a number of 
pieces, which rearrange themselves 
so as to form a series of transverse 
rings of cilia ; so that the free- 
swimming life can be carried on 
somewhat longer. The animal in 
this stage is called a “ pupa ” (Fig. 

292) ; it eventually loses the rings, 
drops to the bottom, and develops 
tube-feet. From specimens which 
the author has seen, he has 
little doubt that in some eases the 
young animal passes through an 
“ Echinoid ” stage, for it possesses, 
besides the feelers, only median 
tube-feet, terminating the radial canals, and it is covered by a 
cuirass of plates, which recalls the Echinoid corona^-^. 

Reviewing the development of the EleutheroJoa in the light 
of the facts so far presented, and using the same method of 
reasoning which is employed in the case of other groups of 
animals, Uve seem to be justified in concluding that the Eehino- 
dermata v Ure descended from a simple free-swimming ancestor 
possessing the fundamental characters of th e-TMpLnin^a. These 
would include a longitudinal folded band of cilia as the principal 
organ of locomotion ; a thickened plate of nervous epithelium at 

1 In the type figured (larva of Synapta digitatn) the feelers are budded off 
direetly from the ring-canal and alternate with the rudiments of the radial canal. 

Observed in Plymouth, 190 5. 


circ cil - 


• of. 



w v r 


Fig. 292. — “Pupa” of Syruipta digi - 
tata. x 50. circ.cil , Ciliated rings ; 
os8 y calcareous ossicle ; o/, otocysts ; 
pod, feelers ; ic.v.r, radial water- 
vessel. (After Semon.) 
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the anterior end serving as combined sense-organ and brain; 

a V-shaped band of cilia projecting into the oesophagus as the 

organ of nutrition; a wide, shallow stomodaeum and an alimentary 

canal consisting of three well-marked divisions, viz. oesophagus, 

stomach, and intestine ; and finally a secondary body-cavity or 

coelom, consisting of three divisions on each side, though possibly 

the most anterior pair were confluent in the prae-oral lobe. On 

the left side the anterior coelom opened to the exterior by a 

short ciliated canal, lo the hypothetical group so defined which 

were certainly not Echinodermata the name Protocoelomata may 
be given. 

Now amongst the lowest types of animal in which traces of 
\ ertebrate structure can be detected, there is one group, the 

Hemichordata (Vol. VII. 
p. 3), in which there is 
a larva which strikingly 
recalls the Dipleurula. 
This larval form belongs 
to Balanoglossus and is 
called the Tornaria. It 
possesses a well - marked 
prae-oral lobe and a folded 
longitudinal ciliated band, 
which resembles that of 
Auricularia. Its peculi- 
arity is that in addition 
there is a posterior ring 

of cilia (Fig. 293, p)- 
The coelom is in five 
divisions : — a median an- 
terior sac ( a.c ) opening 
to the exterior by a short 
ciliated canal on the left 
side ; and paired middle 
divisions (m.c) and pos- 
terior divisions ( p.c ). At 
is a plate consisting of 
sensory epithelium, with nerve-fibres at its base, which acts as 
a brain. Tornaria undergoes metamorphosis, assumes a worm- 
like form, and takes on a burrowing life. The five divisions of 
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Fig. 293. — Tornaria larva, o Anus ; u.r t anterior 
coelom ; a.p, apical plate ; y.s, rudiments of 
gill-sacs; m, mouth; m.c, middle or “collar” 
coelom ; p, posterior ciliated band ; p.r , posterior 
coelom ; pr, longitudinal ciliated band. (After 
Morgan.) 


the apex of the prae-oral lobe there 
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the coelom are retained, and it can be proved that the pore- 
canal, like the madreporite of Echinodermata, is used for taking 
in water. Further, there are two aberrant sessile members of 
the group ( C epha 1 0 discus and Hhabdopl eura ), in which the middle 
divisions of the coelom which would correspond to the hydro- 
coels are produced into long arms, each with a double row of 
ciliated tentacles, which strikingly recall the radial canals and 
podia of the Pelmatozoa. Taking all these facts into considera- 
tion, it seems probable that Vertebrata and Echinodermata both 
arose from Protocoelomata. 

LWhen we turn to the developmental history of Echino- 
dermata for light on the q uestion as to ho w the bilaterally 
symmetrical ancestor became converted into the radially 
symmetrical ~Echinod erm, it see ms probable that only in tire de- 
velopment of the Asteroidea can we hope to find the solution of 
the problem. The abrupt changes of habits shown in the meta- 
morphoses of the other types are clearly secondary phenomena. 
No species of animal could suddenly change its habits from 
swimming by means of cilia to walking with tube-feet. In the 
development, however, of Asterina gibbosa we get a hint of the 
way in which a free-swimming life could alternate with periods 
of temporary fixation, gradually passing into a condition in 
which the fixation was permanent. This period in the history 
of the race when ancestral Echinodermata were sessile would 
mark the point at which Eleutherozoa diverged from Pelmatozoa, 
and the former existence of a fixed ancestor explains the 
tendency first to asymmetry and later to radial symmetry 
Bilateral symmetry is characteristic of most free-swimming 
animals which have to pursue a straight course through the 
water, but in fixed forms no disadvantage arises from want of 
symmetry. A radial disposition of organs is, however, valuable 
to them, since food must be sought and danger avoided from all 
points of the compass; and hence we can understand, when 
fixation became permanent, how one hydrocoel could grow 
larger than the other, and finally assume the form of a ring. 

The last question which arises is the vexed one of the mutual 
relationships of the various Classes constituting the rhylum. 
Before attempting to seek for light on this problem from develop- 
ment, it will be necessary to sketch the life-history of Antedon 
rosacea , the only Pelmatozoon whose development is known. 
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The eggs are comparatively large and full of food-yolk, and 
they adhere for a considerable period to the pinnules. They 
pass through a large portion of the development within the egg- 
membrane. The blastula and gastrula are formed in the usual 
way, but the formation of the coelom is most remarkable (Fig. 287, 
E 1 , E 2 ). The archenteron divides into anterior and posterior 



Flo. 294. — Three views of the development of Anledon rosacea. A, free-swimming larva ; 
B, longitudinal section of free-swimming larva ; C, oral view of young fixed form. 
a.c , Anterior coelom ; amh, ambulacral groove ; ap t apical plate of sensory ami 
nervous tissue ; cil, ciliated ring ; hy , hydrocoel ; l.p.c , left posterior coelom ; mad. 
primary pore-canal ; pod, podia ; r.p.c , right posterior coelom ; stom, larval stomo- 
daeum. (A and B after Bury ; C after Perrier. ) 


divisions. The posterior divides into right and left posterior 
coelomic sacs, but before the division is complete a dorsal and a 
ventral tongue grow out from the anterior division and unite 
posteriorly, encircling the band of connexion between right and 
left posterior coelomic sacs like a ring. This band of connexion 
becomes solid and is absorbed, and pari passu the ring becomes 
converted, by the disappearance of its central opening, into a sac, 
which is the definitive gut (Fig. 287, E). The rest of the 
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anterior division divides into a thick-walled sac, the hydrocoel, 
on the left, and a median thin- walled anterior coelom, which 
sends a long extension into the anterior portion of the larva, 
which we may compare to the prae-oral lobe of the Bipinnaria^ 
The anterior coelom communicates with the exterior by a short 
pore-canal, and later forms a connexion, the stone-canal, with the 
hydrocoel. At the apex of the prae-oral lobe there is formed 
a thickened patch of ectoderm, bearing stiff sensory hairs, and 
having at their bases nerve -fibres and ganglion cells. This 
larval brain corresponds to that of the Tornaria and Echino- 
pluteus. Behind the brain there is a glandular pit, which is 
used for fixation, and recalls the similar organ in the Bipinnaria. 

A series of ciliated rings is then formed, and between the second 
and third of them an oval depression appears. This is the 
stomodaeum ; but as the larva takes no food it does not com- 
municate with the gut (Fig. 295, A, stom). 

Ihe larva next escapes from the egg-membrane and swims 
freely for a day or two, and then, like the Bipinnaria, fixes 
itself by the apex of the prae-oral lobe, which is converted into a 
stalk. The larval stomodaeum closes, and the oesophagus of the 
adult appears as a solid peg of cells abutting against it ; round 
this peg the hydrocoel grows like a ring. 

The closed stomodaeum and the underlying hydrocoel are 

now rotated backwards until they come to be at the end of 

the animal opposite the stalk (Fig. 295, C). The left posterior 

coelom, which has also, as in the Asteroid larva, assumed a hoop- 

like form, is carried along with them ; but the right posterior 

coelom becomes shifted forwards and sends out five outgrowths^ 

into the stalk, which form the rudiments of the chambered organ, 

ami a central one as a continuation of the genital stolon (Fig. 

295, D, gen.st), the extension of the anterior coelom (Fig. 294, B) 
having disappeared. 

Then the outer wall of the stomodaeum splits into five 
valves— the future oral valves. The radial canals appear as 
treely projecting tentacles, which issue in the intervals of these 
valves and soon acquire two pairs of lateral branches. The 
skeleton consists of five oral plates in the oral valves, of a ring 

0 five basals, of three small under- basals, and of a series of 
“columnals,” i.e. stem -ossicles, as rings embracing the stalk. 

1 he area of attachment is supported by a “ foot-plate.” The radial 


620 


ECHINODERMATA 


CHAP 


plates next appear as a ring of small ossicles between the orals 
and basals, and simultaneously the arms make their appearance 
as five outgrowths supported by the first radials, and by the other 
radials when these appear. The free radial canals now become 
adherent to the arms, but these canals soon give off paired 
branches of unlimited growth, which are supported by bifurca- 
tions of the primitive arms, and in this way the ten arms of the 
adult are established. So far, then, as the water-vascular system 
is concerned, the apparent forking is not a true dichotomy, but 
results from the production of two opposite branches, whilst the 



Fio. 295. — Four diagrams to explain the metamorphosis of the larva of A nUdon rosacea, 
a.c , Anterior coelom ; gen.st, genital stolon ; l.hy , left hydrocoel ; l.pc , left posterior 
coelom ; j up, madreporic pore ; r.p.c. right posterior coelom ; stoiit, stomodaeum. 
(A, B, and C after Korschelt and Heider ; D after Perrier.) 

main axis ceases to grow. The appearance of cirri marks the 
fusion of the uppermost stem-ossicles to form a centro-dorsal, 
and shortly afterwards the young Antedon snaps off its stem and 
swims away. 

Now in reviewing this life-history we cannot fail to be struck 
witli resemblances to the development of Asteroidea, and 
especially to that of Asterina gibbosa. The absence of a con- 
nexion between stomodaeum and gut is due to the embryonic 
mode of life. On the other hand, the presence of a long prae- 
oral lobe, containing an extension of the anterior coelom and 
having a fixing organ at its apex, can only be paralleled among 
Asteroidea. In broad outlines, then, up to the period of fixation 
the two developments are parallel, but after this point a diverg- 
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ence takes place, wliich points clearly to the splitting of the 
Echinoderm stem into two main branches, corresponding with 
two different sets of habits. In the Eleutherozoan stock, 
represented by the development of the Asteroidea, the disc 
became flexed ventrally on the stalk, so that the mouth and 
podia were brought within reach of material drifting along the 
bottom, which the podia were employed to seize. As a con- 
sequence the base of the stalk was brought near the mouth, and 
so it came about that the hydrocoel, when it became a ring, 
encircled both. In the Pelmatozoan stock, on the other hand, 
the podia and mouth are rotated upwards and backwards from the 



Fia. 296 — Figures to show the supposed connexion of Eleutherozoa and Pelmatozoa. A, 
common fixed ancestor of the two stocks, still bilaterally symmetrical ; B, primitive 
Pelmatozoon ; C, primitive Eleutherozoon. a % Anus ; a.c, anterior coelom ; l.p.c , 
l.p.c 1 , left posterior coelom ; m, mouth ; p, primary pore-canal ; r.p.c, right posterior 
coelom. 


stalk, which thus came to have an aboral position (Fig. 296, B). 
The podia are thus placed in a favourable position for capturing 
free-swimming organisms, which their cilia sweep toward them. 
It is worthy of note that a similar change of position of the 
mouth occurs in other groups of animals which have similar 
habits (Polyzoa Entoprocta, Tunieata). 

The division therefore of the phylum must have occurred at 
an extremely remote epoch, before the hydrocoel was a closed 
ring, and before, therefore, radial symmetry was completely 
attained. 

Turning now to the question of the origin of the classes of 
Eleutherozoa, we find that the study of development strongly 
min forces the views gained from the study of adult anatomy. 
The Asteroidea are the most primitive group ; only in their case 
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18 the fixed stage retained, and both Ophiuroidea and Echinoidea 
pass through an Asteroid stage in development. The only serious’ 
competitors for the position are the Holothuroidea, which many 
have imagined to have been directly derived from Cystoidea (in 
the old sense; better Thecoidea). This view, though adopted 
by Semon, Haeckel, 2 and Bather, 3 4 is open to many objections, 
the type of Holothuroid development referred to in these dis- 
cussions is that of the extremely aberrant Synapta digitata, in 
which the radial canals are vestigial structures which disappear 
in the adult. In this species, where the feelers are multiplied, 
some originate in the larva directly from the water-vascular 
ring, and thus alternate with the canals. From this circum- 
stance Semon drew the conclusion that the radial canals of 
Holothuroidea are not homologous with those of other Echino- 
derms, but this conclusion is contradicted by the development 
of more normal species, in which all the feelers spring from 
the radial canals. The meridional course of these canals, the 
closuie of the ambulacral grooves, coupled with the retention of 
a nervous ectoderm, are all features found in Echinoidea. So is 
also a reduction in the number of the genital organs, on which 
Bell laid such stress that he separated Holothuroidea from all 
other Echinoderms. But if in Spatangoidea a reduction to four 
and even three can take place (Fig. 246, p. 552), why should a 
reduction to two or one excite surprise ? The primitive outer 
appearance of the Auricularia is counterbalanced by the develop- 
ment of the coelom, which is much modified, so that the primitive 
bilateral arrangement is obscured. If, then, Asteroidea are the 
most primitive Eleutherozoa, we may imagine that primitive 
Echinoidea were derived from Asteroidea through adaptation 
to life in crevices, where an upward bending of the radii 
was of advantage, in order to enable the animal to attach its 
podia above as well as below itself; and that Holothuroidea 
arose from primitive Echinoidea in w’hich the plates of the 
corona were still movable, through a further adaptation to 
nanow crevices, where worm-like wriggling would be the most 
successful method of adapting themselves to their environment. 

2 ® ntwi f kIun ^ der Synapta diyitata" Jen. Zeilschr. xxii. 1888, j». 1 7ft. 

Die Cambnsche Stainiiigrupp c der Kchinodcrmen,” Jm. ZrUsrhr. xxx. 1895. 

4 ~ a ? keater ’ a Treatise on Zoology, “ Ecl.inodei mata," ]»t. iii. 1900, |». 33. 

Bnt, Mus. Cat. “British EchiiuMleriiiata,'’ 1892 , ]>. 14 . 
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history in t lie larva appears to he a rudimentary counterpart of 
the water-vascular system, since this organ in correspondence 
with the general bilateral symmetry of the larva is at first 
paired. Into this a special process of the genital stolon projects. 

(4) The “ aboral sinus ” (Fig. 192, ab), a tube embedded in 
the dorsal body-wall running horizontally round the disc. The 
aboral sinus surrounds the genital raehis (see p. 452) and gives 
off into each arm two branches, the ends of which swell so as 
to surround the genital organs. It has no connexion with the 
axial sinus though the contrary has often been stated by Ludwig. 1 

(5) The “ peribranchial spaces,” circular spaces which sur- 
round the basal parts of the papulae (Fig. 192 , 

Besides these, large irregular spaces have been described as 

existing in the body-wall by Hamann 2 and other authors, but 

for various reasons and especially because they possess no definite 

wall they appear to be nothing more than rents caused by the 

escape of CO., gas during the process of decalcifying, to which 

the tissues of the Starfish must be subjected before it is easy to 
cut sections of them. 

The question as to whether or not there is a blood system in 
the Starfish has an interesting history. It must be remembered 
that the examination of the structure of Echinodermata was first 
undertaken by human anatomists, who approached the subject 
imbued with the idea that representatives of all the systems of 
organs found in the human subject would be found in the lower 
animals also. So the perihaemal canals were originally described 
as blood-vessels. loiter, Ludwig 3 discovered a strand of strongly 
staining material running in each septum which separates the 
two perihaemal canals of the arm. Each of these radial strands 
could be traced into, connexion with a circular strand interposed 
etween the outer and the inner perihaemal ring-canals. This 
circular strand again came into connexion with a brown, lobed 
organ, lying in the wall of the axial sinus, and this in turn 

2 « r °, nn 8 T,lirr Rcich > Bd. ii. Abt. 3, Buch ii. Scosterne, p. 617. 
to 1,p Cllr<Uje ZU a IllstologU dcr Eclnnodermen , Jena, 1889. Such spaces are always 

add reagents w*™** ''' hen 1,reserved with corrosive sublimate or other 

fluid Thou a! b arC a)S l^ t W ‘ en lt 18 P reserved " ith osmic acid and Mueller’s 

solution ^ ^ecfnnr r ° S,V !rn at , 6 * USUaHy re * irded “ S a its aqueous 

aci(] 1 SCS " lth t,ie Production of a certain amount of free hydrochloric 


acid. 

ZUr A,,atomie dcr Astcriden,” ZtUschr. wi,,. Zoo!, xxx. 1877, pp. 
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joined at its upper end a circular cord of pigmented material 
adhering to the dorsal wall of the coelom (lying in fact within 
the aboral sinus), from which branches could be traced to the 
generative organs. Ludwig concluded that he had at last dis- 
covered the true blood-vessels, though the facts that the radial 
strands and the oral circular strand absorbed neutral carmine 
strongly and that the vertical and aboral strands were pig- 
mented, constituted a very slender basis on which to found such 
a conclusion. The colour apparently appealed to the imagination, 
and it is undoubtedly true that the “ plasma ” or blood-fluid of 
other animals often absorbs stain strongly. 

The strands were accordingly named “radial blood-vessels,’ 
“oral blood-ring,” “ aboral blood-ring”; and the brown vertical 
strand was called the “ heart,” although no circulation or pulsa- 
tions bad ever been observed. When later investigations 
revealed the fact that the so-called heart was practically solid, 
the term “central blood -plexus ” was substituted for heart, 
although it was still regarded as the central organ of the system. 
The name “ perihaemal ” was given to the spaces so called because 
they surrounded the supposed blood-vessels. 

In order to come to a satisfactory conclusion on the matter 
some general idea as to the fundamental nature and function of 
the blood-vessels in general must be arrived at. Investigations 
made on various groups of animals, such as Annelida, Mol lu sea, 
Crustacea, Vertebrata, show that at an early period of develop- 
ment a considerable space intervenes between the alimentary canal 
and the ectoderm, which is filled with a more or less fluid jelly* 
Into this cavity, the so-called “ primary body-cavity ” or “ archi- 
coel,” amoebocytes, budded from the ectoderm or endoderm or both, 
penetrate. In this jelly with its contained amoebocytes is to be 
found the common rudiment both of the connective tissue and of 
the blood system. The resemblance of the archicoele and its 
contents to the jelly of a Medusa is too obvious to require special 
insistence on, and therefore in the Coelenterata it may be stated 
that there is to be found a tissue which is neither blood system 
nor connective tissue but is the forerunner of both. 

In the higher animals as development proceeds the jolly 
undergoes differentiation, for some of the amoebocytes become 
stationary and connected with their pseudopodia so as to form 
a protoplasmic network. A portion of this network becomes^ 
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altered into tough fibres, but a portion of each strand remains 
living, and in this way the connective tissue is formed. In the 
interstices of the network of fibres a semi-fluid substance (the 
unaltered jelly) is found, and this is traversed by free, wandering 
amoebocytes. In other places the jelly becomes more fluid and 
forms the plasma, or liquid of the blood, whilst the amoebocytes 
form the blood corpuscles. The blood system thus arises from 
regions of the archicoel where fibres are not precipitated. 

Now in the Starfish the whole substance of the body-wall inter- 
vening between the ectoderm and the coelom ic epithelium really 
represents the archicoel. The formation of fibres has, it is true, 
proceeded to a certain extent, since there are interlacing bundles 
of these, but there are left wide meshes in which amoebocytes 
can still move freely. Apart from the skeleton, therefore, the 
tissues of the body-wall of the Starfish do not exhibit much 
advance on those of a Jellyfish. It anything is to be compared 
to the blood system of the higher animals it must be these 
meshes in the connective tissue. From observations made on 
other Echinoderms it appears probable that the colour of the 
skin is due to amoebocytes loaded with pigment wandering 
outwards through the jelly of the body-wall and disintegrating 
there. The strands regarded as blood-vessels by Ludwig are 
specially modified tracts of connective tissue in which fibres are 
sparse, and in which there are large quantities of amoebocytes 
and in which the “jelly" stains easily. Cuenot 1 suggests that 
they are placed where new amoebocytes are formed ; this is quite 
possible, and in this case they ought to be compared to the 

spleen and other lymphatic organs of Vertebrates, and not to 
the blood-vessels . 2 

The organ regarded as the heart, however, belongs to a 
different category : it is really the original seat of the genital 
Cdls and should be termed the “ genital stolon." Careful sections 
s ow that at its upper end it is continuous with a strand of 
primitive germ-cells which lies inside the so-called aboral blood- 


2 ^ anat * des Ast6rides ’ M ^reh. Zool. Exp. (2) v. bis, 1887, p. 104. 

man Echin , oidea < see P* 529) might suggest that, like the lacteals in 

outwarrl xr trands WC ” ch&nneh alon K which the products of digestion diffused 
canal W h° COn “ exion ’ however, between the oral ring and the alimentary 

Proximitv 01 ^ n0r d ° there a PP car to be such strands developed in the 

and h, J l \? a °! the dige8tive tube * A connexion between the aboral ring 
ectum through a mesenteric cord has been asserted, but this is doubtful. 
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vessel, and is termed the “genital raehis” (Fig. 192, g.r). The 
germ-cells are distinguished by their large nuclei and their 
granular protoplasm. The genital organs are only local swellings 
ot the genital raehis, and from the shape of some of the germ- 
cells it is regarded as highly probable that the primitive germ- 
cells wander along the raehis and accumulate in the genital 
organs. The genital raehis itself is an outgrowth from the 
genital stolon, and this latter originates as a pocket-like ingrowth 
of the coelom into the wall separating it from the axial sinus; 
when fully formed it projects into and is apparently contained 
in this latter space. 

Not all the cells forming the genital stolon become sexual 
cells. Many degenerate and become pigment-cells, a circumstance 
to which the organ owes its brown colour. In very many species 
ot Starfish many of the cells of the genital raehis undergo a 
similar degeneration, and hence is produced the apparent aboral 
blood-vessel. Further, the raehis is embedded in connective 
tissue which has undergone what we may call the “ lymphatic ” 
modification, and this for want of a better name we call the 
" aboral ” blood-ring. 

The size ot the genital organs varies with the season of the 
year ; they are feather-shaped, and attached to the genital raehis 
by their bases, but project freely into the coelom of the arm. 

I rom their great variation in size and also from the shape of 
some of the cells in the genital raehis, Hamann concludes that as 
each period of maturity approaches fresh germ-cells are formed 
in the raehis and wander into the genital organ and grow there 
in size. It is probable that the aboral end of the genital stolon 
is the seat of the formation of new germ-cells. 

In the Starfish, therefore, as in other animals with a ^ ell- 
defined coelom, the genital cells ultimately originate from the 
coelomic wall. 

The genital ducts are formed by the burrowing outwards of 
the germ-cells. When it is remembered that the fundamental 
substance of the body-wall is semi-fluid jelly, this process will be 
better understood. 

When the ova and spermatozoa are ripe, they are simply shed 
out into the sea and fertilisation occurs there. The development 
is described in Chapter XXI. The free-swimming larval period 
lasts about six weeks. 
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Having described a single species with some degree of fulness, 
we must now give some account of the range of variation of 
structure met with in the group. 

Number of Arms. — In the overwhelming majority of Star- 
fish the number of arms is 5, but deviations from this rule are 
met with not only as individual variations, but as the character- 
istics of species, genera, and even families. 

The number 5 is rarely diminished, but amongst a large 
collection of specimens of Asterina gibhosa , belonging to the 
author, some 4-rayed individuals are met with. One species of 
Culcita , C. tetragona , is normally 4-rayed. 

On the other hand the number 5 is often exceeded. The 
families Heliasteridae and Brisingidae are characterised by 
possessing numerous (19-25) arms. In the normally 5-rayed 
family Asteriidae Pycnopodiu has 22 arms; and in the Solaster- 
idae the genera RhipUJ aster and Solaster are characterised by 
possessing 8 and 11-15 arms respectively; whilst Koreth raster 
and Peribolaster have only 5. The common Starfish of the Gulf 
of St. Lawrence, Asterias polaris , is 6-rayed, whilst most of the 
other species of the same genus are 5-rayed, though 6 rays are 
often met with as a variation. 

In some species the fact that the number of arms exceeds 5 
seems to be connected with the power of multiplication by trans- 
verse fission. Thus Ludwig 1 has shown that in Aste?'ias tenirispina 
the number of arms is usually 7, but sometimes 5, 6, or 8, and 
that in most cases the arms are arranged in two groups — one 
consisting of small arms, the other of large. 

Shape. — Apart from the varying number of arms, differences 
in the shape of the Starfish are due to two circumstances: — 

(1) The proportion of breadth to length of arm ; and 

(2) The amount of adhesion between adjacent arms. 

The adhesion can go so far that the animal acquires the 
shape of a pentagonal disc. This is the case for instance in Cul- 
t da. Ihe fact that the body of this animal is really composed 
nt adherent arms is at once made clear when the coelom is opened. 
1 his space is found to be divided up by inwardly projecting folds 
called interradial septa, which are stiffened by calcareous deposits 
and represent the conjoined adjacent walls of two arms. 

Die Echinodermcn dcs Golfes von Ncapcl,** Fauna u. Flora G. von Xcajtcl, 
xxiv. Monogr. 1897, pp. 349-351. 
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In the family Heliasteridae the mutual adhesion between the 

arms has gone on merely to a slight extent, for the interradial 
septa are still double. 

Skeleton. — Most of the schemes of classification have been 
founded on the skeleton, largely because the greater number of 
species have only been examined in the dried condition, and 
little is known ot their internal anatomy or habits. There is, 
however, this justification for this procedure, that the habits and 
food ot the species (with the exception of the Paxillosa) which 
have been observed in the living condition appear to be very 
uniform, and that it is with regard to the skeleton that Asteroidea 
seem to have split into divergent groups through adopting 
different means of protecting themselves from their foes. 

I he description of the various elements of the skeleton will 
be arranged under the following heads: — (a) Main framework; 
(/Orpines ; ( c ) Pedicellariae ; (r/) Ambulacral skeleton. 

Main Framework. — The type of skeleton which supports 
the body-wall of Astcrias is called reticulate. As already indi- 
cated it consists of a series of rods bound together by bundles of 
connective-tissue fibres so as to form a mesh-work. This is a very 
common type of aboral skeleton, but in a large number of Starfish 
a different type occurs, consisting of a series of plates which may 
fit edge to edge, leaving between them only narrow interstices, as 
in the Zoroasteridae, or which may be placed obliquely (as in 
Asterina) so that they imbricate or overlap one another. ^In a very 
large number of Asteroidea the supero- and infero-marginal ossicles 
are represented by squarish plates even when the rest of the 
skeleton is reticulate ; this is the so-called “ phanerozonate 
structure, the term “ cryptozonate ” being used when the marginals 
are rod-like and inconspicuous. «^fn other cases (Ganeriidae) the 
whole skeleton of the ventral surface is made of tightly fitting 
plates, whilst the aboral skeleton is either reticulate or made of 
imbricating plates. Lastly, the skeleton may be represented only 
by nodules forming the bases of paxillae (see p. 455), as in the 
Astropectinidae, or may be entirely absent over wide areas 
(Brisingidae). 

(b) Spines. — The spines vary more than any other part of 
- the skeleton. They may be close set and small, or few and 
large, and often bear spinas of the second order, or spinelets, 
attached to them. In Asterias and its allies they are com- 
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paratively short, blunt tubercles, covered with thick skin. In 
the Echinasteridae and Asterinidae they are short and blunt, 
but they are very numerous and thick set. In the Solasteridae 
they are long, and arranged in bundles diverging trom a 
common base. Such bundles may he termed sheaves, and 
starting from an arrangement like this, two distinct lines ot 
moditication may be traced. Thus (1) the members ot a sheat 
become connected by a web of skin, so that the sheat becomes an 
umbrella, and successive umbrellas may adhere, so that a supra- 
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Flo. 194.-— Views of portions of the ahoral surface of different genera of Asteroidca 
in order to show the main varieties of skeleton. A. Srfasfer, showing spines arranged 
in sheaves ; B. P/erastrr, showing webs forming supra-dorsal membrane supported 
by diverging spines ; C, Aslropectcu, showing paxillae ; D. Xanlua, showing uniform 
plating of granules. x 8. (Alter Sladen.) — — . 


dorsal tent is formed (a structure characteristic of the Pter- 
asteridae), or (2) the members of a sheaf may become arranged 
in a circle round a central vertical axis so that a structure like a 
capstan is produced, which is called a “ pax ilia ” (characteristic of 
Astropectinidae, Porccllanasteridae, and Archasteridae). The 
axis, 1 as shown by its development, represents the plate which 
bore the bundle of spines. Again, the skeleton may consist of 
plates with a close covering of granules (Pentagonasteridae, etc.). 
Lastly, in Poranin spines are absent, the plates being deeply 
embedded in a thick leathery skin. 

1 Ludwig, “Dio Ecliinodennen dcs Oolfes von Noapol,” j*p. (58, (59. 
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These are to be looked ou as spines of 




e 







(c) Pedicellariae.- 

the second order. In Astevina and its allies they are not 
present, but groups of little spines arranged in twos and threes, 
each group being attached to a special small plate, are scattered 
over the aboral surface ; and these on irritation approach one 
another, and represent the rudiment out of which pedicellariae 
have been developed. The most perfect forin,\ termed “ forci- 
pulate, in which there is a basal ossicle, is found in Asteriidae, 
Brisingidae, Heliasteridae, Bedicellasteridae, Zoroasteridae, Stich- 
asteridae. There are two varieties of forcipulate pedicellariae, 

the “ crossed ” and the “ straight,” 
which have been described on 
p. 432. In all other cases the 
pedicellariae are devoid of the 
basal ossicle, and the two or more 
spinelets forming the jaws are 
directly attached to one of the 
main plates of the skeleton. 

u u F 

The simplest variety is termed 

Fio. 195.— Different forms of pedicel- “ nectinifp ” • Hipra npdicellariae 
lariae (excluding the forcipulate form, pectlQ d J-9 , tliese peaiceiiariae 

for which see Fig. 186). a, peeti are composed of two parallel 

pincer-shaped ; E, alveolate, from the r0WS ° f sma11 s P lnes Opposed to 
side ; F, alveolate, from above, x io. each other. They are found in 

(After siaden.) the Archasteridae, and are hardly 

more advanced in structure than the groups of spines found 
in Aster inn. In Leptogonaster and its allies there are pincer- 
shaped pedicellariae composed of two curved rods articulating 
with one of the plates of the skeleton, and also “ aJj^olat#” 
pedicellariae, composed of two short prongs which are im- 
planted on a concave tubercle borne on one of the plates of 
the skeleton. In the Antheneidae every plate of the ventral 
surface bears a large “ valvate ” pedicellaria consisting of two 
horizontally elongated ridges, which can meet one another. It 
is possible that valvate pedicellariae have been derived from a 

pectinate form in which successive spinules of one row have 
become adherent. 

{d) A|nhnlacral Skeleton. — In every case, whether spines 
are developed elsewhere or not, the adambulacral plates hear 
spines. Where the spines are elsewhere represented by granules 
(Nardoa and its allies) (Fig. 194, D) the adambulacral spines are 
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short and blunt. The terms “ monacanthid ” and “ diplacanthid 
are used to express the occurrence ot one or two rows of spines 

respectively on each adambulacral plate. 

In the Zoroasteridae the adambulacral plates are curved, and 
are alternately convex and concave towards the ambulacral 
groove, so that this groove presents a wavy outline. 

In the description of Astericis it was pointed out that the 
first adambulacral plates in adjacent radii are closely approxi- 
mated to one another, and bear spines which can to some extent 
form a trellis-work over the mouth. In very many species not 
only is this the case, but the plates themselves project inwards 
over the mouth so as to form prominent “mouth-angles. This 
is not the case in the Asteriidae or the allied families. 

Papulae. — In Asteriidae and many allied families these 
organs are found both on the upper and under surface of the 
disc, but in another large group consisting ot Astropectinidae, 
Pentacerotidae, and allied families, papulae are only borne on 
the dorsal surface, and, in some cases, are restricted to a few 
groups at the base of the arms. In most Asteroidea the papulae 
are arranged singly, that is to say, each occupies one ot the 
interspaces between the plates of the skeleton, but in Astericis 
and some other genera they are arranged in tutts of two or 
three. 

Water -vascular System. — In its general structure this 
system of organs is very constant, the two most important 
variations being found, one, in Asteriidae and a few allied 
families, and the other, in the Astropectinidae and the families 


allied to them. 

The first of the variations alluded to concerns the nu mber of 
the tuhe-fo et, in a rad ius. In Aster ias and its allies these are 
so numerous that there is not room for them one l>ehind the 
other, hut they follow one another in a zigzag line, the trans- 
verse canals connecting them with the radial canals being 
alternately longer and shorter. In this way the appearance of 
four rows of tube-feet is produced, and the advantage of this 
increase in number can be recognised by any one who has 
compared the quick movements of Asterias and the slow ones 
of a Cribrella , for instance. 

The second important variation referred to is the complete 
loss of the sucker of the tube-foot, and, concomitantly, the loss 
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of the power of jclimbing. Starfish which have undergone this 
change live on sandy bottoms and run over the surface of the 
sand. They are also incapable of forcing asunder the valves of 
Molluscs, and hence are compelled to swallow their prey whole. 

Polian vesicles,” or stalked sac-like outgrowth s of the water- 
vascular ring, are absent from the As teriid ae, but are found in 
many families — the Asterinidae, Solasteridae, Astropectinidae, 
tor example. They project outwards from the water-vascular 
ring in the interradii; when there are several present in one 
interradius they often arise from a common stalk. C ue no t 

believes that their sole func- 
tion, like that of T iede mann’s 
bodies, is to produc e am oebo- 
cytes, hut this appears unlikely. 
It is more probable that they 
Zamp act as store- houses of fluid for 
the water-vascular ring. 

The sto ne -ca nal is rarely 
repeated, but this occurs in the 
aberrant genus Acanthaster , 
where there may even be several 
10 ft n; „ *: f /u / , in one interradius, and each 

ria. liib. — Dissection of Cfenoitiscus to 

show the Poli.in vesicles. nmp % Ampullae* stone-CHlial liaS ail axi al S1U US, 

r„i, Puiian vesicle ; sept, inter ra.iui gemta]_sJolon, and nmdigpoi ite 

septum ; stone c y stono-canul ; T, Tiede- annexed to it. According to 

mann’s body ; ir.v.r , water- vascular , , " 4 



T- 


w vr 


' stone c. 


ring. x 1. 


Cuenot, in Asfcrias, when 6- 
rayed specimens occur m a 
species normally 5 -rayed, there are two stone-canals, suggesting 
that the repetition of stone-canals is a suppressed effort at multi- 
plication by division. This is also true of JJcJiinctster, hut in 
Ophidiaster two madroporites may occur iu jin individual with five 
arms. In the Asterinidae the Y-shaped fold which projects into 
the cavity of the stone-canal is feebly developed, whereas in the 
Pentacerotidae it meets the opposite side of the stone-canal, and 
in Culcita gives out branches which reduce the cavity of the 
canal to a series of channels! Tn TSchinasteridae and some 
Asterinidae, and in Astropectinidae and Pentacerotidae the 
ampullae become so deeply indented as to be almost divided 
into two, so that each tube-foot lias virtually two am pullae. 

The alimentary canariiaTTT remarkably constant structure. 
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The only important variation from the type, as described in 
Asterias, is found amongst the Astropectinidae and Poi cellanas- 
teridae, where the anus is wanting. In Astropecten the rectum 
and the rectal caeca still persist, hut in Luidia even these have 
disappeared. The rectal caeca are remarkably variable structures. 
In Asterias there are two, but in Pentacerotidae theie aie five 
forked caeca, in Asterina five simple caeca, and in the Echin- 
asteridae and Astropectinidae one large flat slightly 5*lobed 
caecum. In the Asterinidae the pyloric caeca are remarkable 
for the size of the enlarged basal portion in each radius, which 
serves as a reservoir for the juices secreted by the branched 
forks of the caecum. In Porcellanaster pacificus the pyloric 
caeca are vestigial, and in Hyphalaster moseri they aie absent. 

The genital organs are, as we have seen, outgrowths from 
radial branches of the genital rachis. In most species, as in 
Asterias , they are limited to a single cluster of tubes on each 
branch of the rachis, but in the Astropectinidae and Pentacero- 
tidae each branch gives rise to a large number ot clusters, 
arranged in longitudinal series, each cluster having its inde- 
pendent opening to the exterior. 

Asexual reproduction, as a regular occurrence, is not common 
amongst Asteioidea. If, however, a Starfish loses some of its 
arms, it has the power of regenerating the missing members. 
Even a single arm will regenerate the whole Starfish. Now in 
some cases (Astropectinidae, Linckiidae) Starfish will readily snap 
off their arms on irritation. In Linckia this occurs at regular 
intervals and the separated arm forms a new individual. In one 
of the Asterinidae, Asterina wec/a, a small Starfish with seven 
arms, transverse fission regularly occurs, a portion with three 
arms separating from one with four. The same is believed to 
occur in two species of Asterias , and as has already been pointed 
out, the repetition of the madreporite and stone-canal is, in many 
cases, possibly connected with this tendency to transverse fission. 


Classification of Asteroidea. 

Whilst there is considerable agreement amongst the authorities 
as to the number of families, or minor divisions of unequivocal 

1 Ludwig, “Scientific Results of the Expedition of the ‘Albatross’ to the Tropical 
Pacific"— “Asteroidea,” 1905, pp. 91, 103. 
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relationship, to be found in the class Asteroidea, there has been 
^reat uncertainty both as to the number and limits of the orders 
into which the class should be divided, and also as to the limits 
of the various species. The difficulty about the species is by no 
means confined to the group Echinodermata ; in all cases where 
the attempt is made to determine species by an examination of a 
few specimens ot unknown age there is bound to be uncertainty; 
the more so, as it becomes increasingly evident that there is no 
sharp line to he drawn between local varieties and species. I11 
Echinodermata, however, there is the additional difficulty that 
the acquisition of ripe genital cells does not necessarily mark the 
termination ot growth ; the animals can continue to grow and at 
the same time slightly alter their characters. For this reason 
many of the species described may be merely immature forms. 

1 11 proportion, however, as the collections from various localities 
increase in number and size, difficulties connected with species 
will tend to disappear. 

The disputes, however, as to the number of orders included in 
the Asteroidea proceed from a different cause. The attempt to 
construct detailed phylogenies involves the assumption that one 
set of structures, which we take as the mark of the class, has 


remained constant, whilst others which are regarded as adaptive, 
may have been developed twice or thrice. As the two sets of 
structures are often of about equal importance it will be seen 
to what an enormous extent the personal equation enters in the 
determination of these questions. 

Where, as in Asteroidea, the internal organisation is very 
uniform, the best method of classification is to take as our basis 
the different methods in which the demands of the environment 
have been met. It is in this way, we hold, that divergence of 
character has been produced, for whilst species may differ in 
trifling details, families and orders differ in points of functional 
importance. The fact that one of the orders may have sprung 
from several allied species instead of one may be admitted, and 
at the same time the hopelessness of trying to push phylogenetic 
inference into details asserted. 

Sladen, in his Monograph of the Asteroidea collected by the 
“ Challenger ” expedition, took for the basis of his system the 
presence or absence of distinct pavement-like marginal plates 
along the edges of the arms and the restriction of the papulae to 
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the aboral surface, or their distribution over the whole surface of 
the body. What connexion, if any, the presence of these pave- 
ment-like plates has with the habits it is impossible to say, but 
it is unlikely to be of the high importance with which it was 
regarded by Sladen, for in the same family we have genera with 
inconspicuous marginals ( Asteriiui ) and others with conspicuous 
marginals ( Palmipes ). The restriction of the papulae to the 
back also varies within the same family (Linckiidae), and 
whilst, on the whole, it is perhaps a primitive arrangement, 
it is in many cases connected with burrowing habits, which 
can scarcely be deemed to have been the original mode of life 
of the class. 

A far better basis is supplied by the system of Perrier, 1 who 
divides the Asteroidea into live orders according to the character 
of the dorsal skeleton ; and this classification really corresponds 
with the different habits {assumed by groups of Asteroidea in 
order to meet what must be regarded as one of their chief dangers, 
viz. assaults by other animals, especially parasites, on their soft 
and delicate skins. Since the food (so far as is known) of all 
Asteroidea is more or less similar, the great differentiating factor 
in their development must have been the means they adopt to 


shelter themselves from their enemies. Perrier’s classification, 
which we shall adopt, is as follows : — 

Order 1. Spinulosa. — Asteroidea in which the plates of the 
dorsal skeleton bear spines arranged singly or in groups. The 
tube-feet have suckers and there are no pedicellariae. Marginals 
sometimes conspicuous, sometimes rod-like. 


Order 2. Velata. — Asteroidea in which the dorsal surface 
of the animal is concealed from view by a false membrane com- 
posed of the webs of skin stretched between diverging groups of 
spines united at the base with one another. No pedicellariae. 
Tube-feet with suckers. 

Ordek 3. Paxjlrosa. — Asteroidea in which the dorsal surface 
is beset with paxillae (upright spines bearing two or three 
circles of horizontal spinelets). Pedicellariae, when present, few, 
and never of the forcipulate variety ; often absent. Marginals 

large. Papulae only on dorsal surface. Tube-feet mostly devoid 
of suckers. 

Order 4. Valvata. — Asteroidea in which the dorsal surface 


1 Jits. sci. Expid. 


Travail / eur et Talisman , “ Kchiiiodermes,” 1894, pp. 10-15. 
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is protected by plates covered with a mail of minute granules. 
Pedicellariae of the valvate or alveolate type. Marginals large. 

Order 5. Forcipulata. — Asteroidea in which the dorsal 
surface is beset with small spines surrounded by numerous for- 
cipulate pedicellariae. Tube-feet with suckers and arranged in 
tour rows. Marginals rod-like and inconspicuous. 


Order I. Spinulosa. 


This is by far the most primitive order of Asteroidea. The 
tube-feet are arranged in two rows only, and there is no special 
means of protecting the back, other than the small close-set 
plates bearing spines, with which it is covered. In some cases, 
as Aster inn, these spines have a tendency to converge when 
irritated, and thus act somewhat like pedicellariae. This cir- 
cumstance suggests strongly the manner in which pedicellariae 
have been developed from small groups of spines. The order is 
divided into six families, of which four have common represen- 
tatives on the British coast. 

Fam. 1. Echinasteridae. — Spinulosa in which the aboral 
skeleton is composed of close set plates bearing comparatively 


small spines. This family is represented on the British coasts 
by the beautiful scarlet Starfish Cribrella ( Henricia ) sanguino- 
lenta. It is also found on the Norwegian coast and on the east 
coast of North America. On the Pacific coast it is replaced by 
a larger species, C. laeviuscula. The narrow ambulacral grooves 
and sluggish movements at once distinguish it from the Starfish 
described as the type. Indeed, all the Spinulosa seem to 
be slow in their movements in contrast to the comparatively 
active Aster ias and its allies. Cribrella is remarkable for its 
large eggs, which have a rapid development. The larva never 
swims at the surface but glides only for a short time over 
the bottom. Echinaster is an allied genus in which each 
plate bears a single somewhat enlarged spine. It possesses 
on the skin of the aboral surface numerous pits lined by 
glandular walls, which probably secrete a poisonous fluid which 


defends it. Acanthaster has thorny spines, more than ten arms, 
and several stone-canals and madreporites. 

Fam. 2. Solasteridae. — Spinulosa in which the aboral skeleton 
is a network of rods. Spines arranged in diverging bundles 
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(sheaves) attached to a basal button. This family includes the 
well-known “ Sun-stars,” with numerous arms and a wide peris- 
tome. There are two species found on both sides of the Atlantic. 
Solaster pajtjwsus , with thirteen or fourteen arms and long bundles 
of spines on the dorsal surface, which is of an orange colour 
variegated with yellow, and S. endecu with eleven rays and shorter 
spines and of a reddish violet colour, lxkipidaster has eight arms. 
Some genera have, however, only five arms, as, for instance, 
Peribolaster and Korethr aster (Fig. 197). In this family there 



Fia. 197. — Koreth raster hispidus. x 2. (From Wyvillt* Thomson.) 


are conspicuous “ Polian vesicles ” attached to the water-vascular 
ring. 

Fam. 3. Asterinidae. Spinulosain which theaboral skeleton 
consists of overlapping plates, each bearing a few small spines. 
Hie common British representative of this family is the small 
Aster ina gibbosa, in which the arms are short and stout and of 
somewhat unequal length. This Starfish differs from most of its 
allies in being littoral in its habit. At low tide on the south 
and west coasts' of England it can be found on the underside of 
stones feeding on the Sponges and Ascidians with which they arc 
covered. Like Cribrella sanguinolenta this species has a modified 
development. The larva resembles that of Cribrella, and the 
aiva stage only lasts about a week. Owing to the fact that 
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Aster ina lays its eggs in accessible localities, its development 
has been more thoroughly worked out than that of any other 
species. Palmipes membra naeeus, an animal of extraordinary 
thinness and flatness, is sometimes dredged up off the coast of 
Britain in deeper water. Its arms are so short that the general 
form is pentagonal. The infero-marginal plates are long and 
rod-like, and form a conspicuous border to the body when viewed 
from below. 

Fam. 4. Poraniidae. — Spinulosa allied to the Asterinidae but 
possessing a thick gelatinous body-wall in which the plates and 
spines are buried, the marginals forming a conspicuous border to 
the body. This family is represented in British waters only by 
Porania palvillus , a cushion-shaped Starfish with very short arms 
and of a magnificent reddish-purple colour. It is occasionally, 
but rarely, exposed at low tide. 

Fam. 5. Ganeriidae. — Spinulosa allied to the Asterinidae but 
distinguished by the large marginals and by the fact that the 
skeleton of the oral surface consists of plates each bearing a tew 

large spines. Ganeria , Mary inaster. 

Fam. 6. Mithrodidae. — Spinulosa with a reticulate abornl 
skeleton. The spines are large and blunt, covered with minute 

spinules. Mithrodia, sole genus. 

These last two families are not represented in British waters. 


Order II. Velata. 

This is a very extraordinary group of Starfish, about the 
habits of which nothing is known, since they all live at veiy 
considerable depths. Their nearest allies amongst the Spinulosa 
must be looked for amongst the Solasteridae. If the sheaves of 
spines with which the latter family are provided were to 
become adherent at their bases, and connected with webs of skin 
so as to form umbrella-like structures, and if then these umbrellas 
were to become united at their edges, we should have a supra - 
dorsal membrane formed such as is characteristic of the order. 

Fam. 1. Pythonasteridae. — Velata in which each sheaf of 
spines is enveloped in a globular expansion of the skin and is not 
united with the neighbouring sheaves. Pythonaster , sole genus. 

Fam. 2. Myxasteridae. — Velata with numerous arms in 
which the sheaves of spines are long and form with their con- 
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necting “ umbrellas” web-like expansions which do not fuse with 
one another. Myxaster , sole genus. 

Fam. 3. Pterasteridae. — Velata in which the membranes 
supported by the sheaves of spines are united so as to form a 
continuous supra -dor sal tent. The Pterasteridae are represented 
in British waters by a single species, Pteraster militaris, which 
is occasionally dredged in deep water off the British coast, and is 
found also in the Norwegian fjords and off the east coast of 
Canada. This interesting Starfish has five short, blunt arms, and 
its general appearance at first sight recalls that of Astenna. 
Closer inspection reveals the “ false back.” The anus is sur- 
rounded by five fan-like valves, supported by spines (big- 198), 
underneath which is a space in which the young complete their 
development. Pier aster being one of the genera in which the 
normal larval form is not developed. The tendency towards the 
union of adjacent spines by webs is deeply rooted in the organisa- 
tion of the animal. It is seen on the under side where the spines 
borne by the ventral plates are united so as to form transverse 
combs. In Hymeiuister (Fig. 199) the spines borne by the vential 

plates are long and free. 

Order III. Paxillosa. 

This is an exceedingly well-marked order. The armature of 
the upper surface consists of paxillae. These organs as aliea y 
mentioned are probably to be traced back to sheaves of spines 
like those of the Solasteridae. The same end as that striven 
after in the case of the Velata lias been attained, but m a 
different way. The horizontal spiuelets of the paxillae meet one 
another and form a close-fitting mail which is almost as effieien 
a protection as the webs and umbrellas of the Velata. l ei1 
cellariae are occasionally present, but they are always of t ie 

pectinate or pincer variety, never forcipulate. 

Fam. 1. Archasteridae. — Paxillosa in which the anus is 

still retained and in which the tube-feet have suckers. 

The Archasteridae are a most interesting family. uS 
Pararcliaster has no true paxillae, but only small isolated groups 
of spines. The pectinate pedicellariae are composed each of two 
parallel rows of somewhat smaller spines. The members of t j is 
family are to some extent intermediate in structure between t ie 
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Spinulosa, such as Echinasteridae, and the other families of the 
I’axillosa— some genera, indeed, might almost be classed as 
Spinulosa. At the same time they are apparently closely allied 
with the more primitive Valvata such as Astrognnium and its allies 
some of which have paxillae on the upper surface ; although the 
retention of the anus and of the suckers on the tube-feet (in 
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immediate contact with the adambulacral, whilst in Luidia it 
is separated from it by a small intermediate plate. 

Astropecten irregularis is a very common species on the coast 
of Britain, and a study of its habits when in captivity has 
thrown a great deal of light on many obscure points in the 
anatomy of the Paxillosa. Owing to the loss of suckers it is 

v C 



Fig. 201. — Oral view of A rchaMer bifrous. x (From Wyville Thomson.) 


unable to climb over rocks and stones like the ordinary species, 
but it runs over the surface of the hard sand in which it lives 
by means of its pointed tube-feet. The arms are highly 
muscular, and the animal when laid on its back rights itself by 
throwing the arms upwards and gradually overbalancing itself. 
The loss of suckers has also rendered Astropecten and its 
allies incapable of feeding in the manner described in the case 
of Asterias rubens. They are unable forcibly to open the valves 
of shell-fish, and the only resource left to them is to swallow 
their prey whole. The mouth is consequently wide, and the 
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unfortunate victims, once inside the stomach, are compelled by 
suffocation to open sooner or later, when they are digested . 1 

Many interesting experiments have been made on Astropecten 
by Preyer and other 
investigators, but one im- 
portant fact 2 has escaped 
their notice, that Astro- 
pecten, when at rest, lies 
buried in the sand, whilst 
the centre of the aboral 
surface is raised into a cone 
which projects above the 
surface. On the sides of 
this cone the few papulae 
which this species possesses 
are distributed. This rais- 
ing of the aboral surface 
is obviously an expedient 
to facilitate respiration. 

It loosens the sand over 
the region of the papulae, 
and thus allows the water 
to have access to them. 

We can thus understand 
how the restriction of the 
papulae to the dorsal sur- 
face, so characteristic of the 
Paxillosa, is not always as 
Sladen imagined, a primi- 
tive characteristic, but often 
an adaptation to the bur- 
rowing habits which in all p . 

probability are character- 

istic of the whole order P ax 1 ,llae ; pointed till* -feet devoid of 

T „ ! T ... . / ' sucker. (After Sladen . ) 

m both Luidia and Astro - 

pecten Cuenot has described short spines covered with cilia in 

1 Schiemenz (reference on p. 440 n.). 
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the interspaces between the marginal plates, 




Fio. 203 . — Porcellanaster cacruleus. A, aboral view ; B, oral 

view. x 1. (From Wyville Thomson.) 


these also subserve 
respiration by 
drawing a current 


of water over the 
gills. Psilaster 
(Fig. 202). 


Fam. 3. Por- 


cellanasteridae. 

— Paxillosa which 
have lost the anus. 
There is a conical 
prominence in the 
centre of the dor- 
sal surface termed 
the epiproctal 
cone, and in the 
interradial angles 
there are vertical 
grooves bordered 
by folds of mem- 
brane produced 
into papillae, the 
so-called “ cribri- 
form organs.” The 
marginal plates 
are thin and form 
the vertical border 
of the thick disc. 
The tube - feet 
have no suckers. 

Comparing the 

Porcellanasteridae 

with the Astro - 
pectin idae we see 
at once that the 
“ epiproctal cone ’ 
is a permanent 


representative of the temporary aboral elevation in Astropecten, and 
we are inclined to suspect that the cribriform organs are grooves 
lined with cilia which keep up a respiratory current like the ciliated 
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spines of Luidia. In all probability the Porcellanasteridae are 
more habitual burrowers than even the Astropectinidae. 

Ctenodiscus (Fig. 106), a genus in which there is a short 
epiproctal cone and numerous feeble cribriform organs in each 
interradius, is found in deep water north of the Shetland Islands. 
Porccllanaster (Fig. 203) is a more typical genus, with one large 
cribriform organ in each interradius. Hyphal aster has long 
arms, on which the supero-marginal plates meet above. 


Order IV. Valvata. 


The Starfish included in this order are characterised by the 
absence of prominent spines and by the superficial covering of 
minute granules. The skeleton consists, in most cases, of 
plates, and these plates with their covering of granules probably 
represent the first stage in the evolution of paxillae. 

The tube-feet possess well-developed suckers. No members 
of this order can properly be said to be British. 

Fam. 1. Linckiidae. — Valvata with long arms, the marginals 
being developed equally throughout the whole length. These Star- 
fish are distinguished by their long narrow arms and small disc. 
It is possible that these forms, so different in many respects from 
the other families of the order, have been directly derived from 
the long-armed Echinasteridae. Ophidiast&r , Nardoa , Linckia . 

Fam. 2. Pentagonasteridae. — Valvata with short arms, the 

marginals being especially developed at the base and in the 
interradial angles. The aboral skeleton consists of close-fitting 
plates. Pcntagonaster (Fig. 204), Astrogonium. 

Fam. 3. Gymnasteridae. — Valvata allied to the foregoing 
but distinguished by possessing a very thick skin in which the 
plates are completely buried. Dermasterias , Asteropsis. 

Fam. 4. Antheneidae. — Valvata with short arms. The 

dorsal skeleton is reticulate and each ventral plate bears one 

or several large valvular pedicellariae (Fig. 1 9 5, C). Hippasterias , 
Go muster. 

Fam. 5. Pentacerotidae. — Valvata with arms of moderate 
length. The dorsal skeleton is reticulate but the ventral plates 
bear only small pedicellariae or none. The upper marginals are 
smaller than the ventral ones. 


The Pentacerotidae include both short-armed and lonsz-armed 
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torms. Amongst the former is Culcita, in which the body is a 

pentagonal disc, all outer trace of the arms being lost ; Pentaceros 
is a long-armed form. 

The family Pentagonasteridae furnishes the key to the 
understanding of most of the forms contained in this order. It 
contains genera such as Astrogonium which possess on the back 
unmistakable paxillae, whilst on the under surface they have the 



Khj. 201. — 1* rntogon n t,(e r jnpmi ten v. x (After SlaOen.) 


characteristic covering of granules: these genera seem to be 
closely allied to the short-armed species of the Archastcridae, 
from which they are distinguished chiefly by the granular 
covering of the marginals. From a study of these cases it 
seems clear that the plates of the dorsal skeleton of the Valvata 
correspond to the supporting knobs of the paxillae much 
broadened out, and the granules correspond to the spinelets of 
the paxillae increased in number and diminished in size. 
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As mentioned above, Ludwig has proved that the paxillae 
develop in the life- history of the individual out of ordinary 
plates, the axis of the paxilla representing the plate. 


Order V. Forcipulata. 

This order, which includes the most highly developed mem- 
bers ol the class Asteroidea, is at once distinguished by the 
possession ot forcipulate pedicellariae which, as we have seen, 
possess a well-marked basal piece with which the two plates 
articulate. The pedicellariae are consequently sharply marked 
off from the spinelets, and no intermediate forms occur. The 
Hist conjoined adambulacrals, which in other orders form the 
“ teeth ” or mouth-angles, do not here project beyond the first 
pairs of ambulacral plates. 

Fam. 1. Asteriidae. — Forcipulata in which the tube-feet are 
apparently arranged in four rows. Aboral skeleton a loose 

reticulum. 

Ihe general features of the family Asteriidae have been ex- 
plained in the description of Asterias rubens (p. 432). There are 
five well-marked species of the genus found on the British coasts. 
Of these A. glaciahs is found chiefly in the south-western parts of 
the English Channel It is a large Starfish of a purplish-grey 
colour, with large spines surrounded by cushions of pedicellariae 
arranged in one or two rows down each arm. A. muellcri 
resembles the foregoing species, but is of much smaller size, and 
is further distinguished by having straight pedicellariae in the 
neighbourhood of the ambulacral groove only. It is found on the 
east coast of Scotland, and carries its comparatively large egirs 
about with it until development is completed. A. rubens is the 
commonest species, and is found on both east and west 
coasts. Its colour is a bright orange, but varies to almost a 
straw colour. It is at once distinguished from the foregoiim 
species by the spines of the dorsal surface, which are small and 
numerous, an irregular line of somewhat larger ones being some- 
times seen down the centre of each arm. A. murrayi is a 
peculiar species restricted to the west coast of Scotland and 
l eland. It has flattened arms, with vertical sides, and only 
three rows of small spines on the dorsal surface. It is of a 
violet colour. A. hispida is also a western species. It is a 
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small Starfish with short stout arms ; there are no straight 
pedicellariae, and only a few sharp spines on the dorsal surface. 

On the eastern coast of North America there are several 
species of Aster ias, of which the most noteworthy is the 6- 
rayed A. polaris of the Gulf of St. Lawrence. This species 
exhibits a marvellous range of colour-variation, ranging from 
bluish -violet through purple to red and straw-coloured. This 
variation seems to show that colour, as such, is of no importance 
to the animal, but probably depends on some compound of 
slightly varying composition which is being carried by the 
amoebocytes towards the exterior. On the Pacific coast there is 
a rich fauna of Starfish, among which we may mention as members 
of this family Asterias ocliracca , a large violet species, so strong 
that it requires a severe wrench to detach it from the rock, and 
Pycnopodia with twenty-two arms. 

Fam. 2. Heliasteridae. — Forcipulata allied to the Asteriidae, 
but with very numerous arms and double interradial septa. 
Heliaster. 

Fam. 3. Zoroasteridae. — Forcipulata with the tube-feet in 
four rows at the base of the arm, in two rows at the tip. Aboral 
skeleton of almost contiguous plates bearing small spines or 
flattened scales. Zoroaster , Pkolidaster. 

Fam. 4. Stichasteridae. — Forcipulata with the tube-feet in 
four rows. Aboral skeleton of almost contiguous plates covered 
with granules. Stich aster, Tarsaster. 

The Stichasteridae and Zoroasteridae have acquired a super- 
ficial resemblance to some of the long-armed Valvata, from which 
they are at once distinguished by their pedicellariae. It would 
be exceedingly interesting if more could be found out concerning 
the normal environment of these animals ; it might then be 
possible to discover what is the cause of the assumption of this 
uniform mail of plates. 

Fam. 5. Pedicellasteridae. — Forcipulata with two rows of 
tube-feet. The aboral skeleton bears projecting spines surrounded 
by cushions of straight pedicellariae. l y edicd l aster, Coronaster. 

Fam. 6. Brisingidae. — Forcipulata with numerous arms and 
only two rows of tube - feet. Aboral skeleton largely rudi- 
mentary and confined to the base of the arms. The small blunt 
spines are contained in sacs of skin covered with pedicellariae. 

The Brisingidae, including Prisinya and Odinia, are a very 
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remarkable family, chiefly on account of the smallness of the 
disc and of the extraordinary length of the arms. The arms 
have what we must consider to have been the primitive arrange- 
ment, since there is no lateral adhesion between them, and inter- 



Fio. 205. Aboral view of Odinia. x §. (After Perrier.) 


“ , septa are consequently entirely absent. The reduction 

ot the skeleton is a very marked peculiarity and, like the ten- 
dency to the reduction of the skeleton of deep-sea fish, may 

animals" liv^ 6 relatl ° U t0 the great P res8ure under which the 


Fossil Asteroidea. 

The Asteroidea occur somewhat plentifully as fossils. In the 

SUTT f Stm T Astr °r ecten - Luidia - blaster, and Goni- 
haVG alread y ,nade ^eir appearance. In the Cretaceous 
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Pentaceros appears. In the older rocks occur a number of forms of 
different character from any now existing. Of these Aspidosoma 
(Hg. 206 ), with short lancet-shaped arms sharply distinguished 
from the disc and continued along its under surface, seems to be 
intermediate between Asteroidea and Ophiuroidea. The skeleton 
of the arm is composed of alternating ambulacral ossicles bordered 
by adambulacral ossicles, which are at the same time marginals 
and sharply distinguished from the marginals forming the edge 
of the disc. Palaeaster , on the other hand, is a true Asteroid ; 
there are marginals distinct from the adambulacrals, but the disc 
is reduced to its smallest dimensions, there being only one plate 



Fia. 206. — Three views of A sjtulosoma, a fossil Asteroid. A, oral view ; B, aboral view 
of one arm ; C, enlarged view of a portion of the ambulacral groove, ndamh , 
Adambulacral plate ; amb, ambulacral plate ; marg , marginal plate ; pod y aperture 
for extension of tube-foot. 


on the ventral side of each interradius. There are a number of 
genera ( Palaeocoma , for instance) with a large disc and very short 
arms and very shallow ambulacral grooves ; all have alternating 
ambulacral plates. Some genera appear to have had the madre- 
porite on the ventral surface of an iuterradius. On the other 
hand, in the Devonian occurs Xenaster, which was a fairly normal 
Asteroid, with pavement-like marginals, deep ambulacral grooves, 
and broad arms. 

Thus it will be seen that already in J urassic times the three 
orders, Forcipulata, Paxillosa, and Spinulosa were differentiated 
from each other, but how these are related to the older Palaeozoic 
forms it is at present impossible to say. 


CHAPTER XVII 

ECHINODERMATA {CONTINUED) : OPH1UROIDEA = BRITTLE STARS 

CLASS II. OPHIUROIDEA 

I he second class of Eleutherozoa are familiarly known as 
" Brittle Stars.” on account of their tendency, when seized, to 
escape by snapping off an arm, although this habit is by no 
means confined to them, but is shared in a marked degree by 
many Asteroidea, such as Luidia, for instance. Like the 

As eroidea they are “ starfish,” that is to say, they consist of 
a disc and of arms radiating from it ; but the scientific name 
Ophiuroidea really expresses the great dominating feature of 
leir organisation. Literally it signifies “Snake-tail” (<U i? 

•snake; ovpa> tail)> and thus vividly de8cribes the wri 

wntlnng movements of the long thin arms, by means of which 

the Ophiuroid climbs ,n and out of the crevices between the 
s ones and gravel in which it lives. This feature, viz. the 

“7 °/ rrr by meanS 0f mU8CU,ar J erks arms, 

stead of by the slow protrusion and retraction of the tube- 

eet, is the key to the understanding of most of the points 

wherein the Brittle Stars differ from the true Starfish. 

Asteroidea and Ophiuroidea agree in the common grounci- 
hin of their structure, that is, they both possess arms ; but 

whe r r 8 in A V1 t° US • 'f ffer ? nCe in their appearance is that 

in Onhiuion 6 aimS merge inseusibl y »«to the disc, 

marl ed off Ilf dlSC ' S ClrCU ’ ar in outline a »d is f ha. ply 

run r T 8 ^ C ° ntinued inwards along grooves, which 

coaled i f Un i ° f the disc > and tba t they finally 

° 011,1 a buccal framework surrounding the mouth. In 
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the very young Ophiuroid the arms melt into a small central 
disc, as in the Starfish, but the disc of the adult is made up of 
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jaw. 


One of the commonest British Ophiuroids is Ophiothrix 
Jr ay 1 1 is (Figs. 207, 208), which is found in swarms in shallow 
water oir the west coast of England and Scotland. We may 
therefore select it as the type, and, since the arm is the most 
characteristic organ of an Ophiuroid, we may commence by study- 
ing it. Speaking generally, an Ophiuroid either drags itself 
forward by two arms and pushes itself by the other three 
(fig. 207), or else it drags itself by one and pushes with the other 

four (Fig. 217). The arms during this process are bent into 
characteristic curves, by the 

straightening of which in the V P 

posterior arms the animal is 

pushed onwards, whilst the ... 9 b 

intensification of these curves ^ ^ P 

in the anterior arms causes 
the animal to lie dra^ired 
forwards. The grip of the 
arm on the substratum is 
chiefly in the distal portion P°d 
of the curve. The alteration 
of the curvature is due to the 
contraction of the muscles on rn P 

one side of the arms. There 
is no ambulacral groove such 
as is found on the under side 
of the arms of all Asteroidea, 

for the arm is completely e, .sheathed by four series of plates an 
upper row „f dorsal plates, an under 

of laterul i,ktes - — — uuiueu, which 

Starfish Wn ^° nd to the ada.ubulacral plates of 

tarfish bear each a transverse row of seven spines with 

ouyhened surfaces ; these enable tl.e animal to get a orfp on 

are 'l T1,e l’ odis * h ‘ Ophiuroidea 

i • , tuutacles 5 tlle y are totally devoid of suckers 

i2 i'2" ‘T “ ,d “ »uj .«• o'; 

o 1 «i - 2 ,T V '“ i-» fro... opening. 

teiituule-pores .Hunted between the edge, of the 

quiwSmX" 1 1“ ’'"deg 

inwards as in the figure^ e "° al ‘ teM01 ar,1,s s,loult f f ,c tent outwards, not 


Flo. 208.— Oral view of the disc of Ojihiothrix 
Jnujilis. {f .b, Opening of the genital bursa ; 
madrepoiiUi ; /W, podia; t.j > , tooth- 

papillae ; r.j>, ventral plates of the arms 

x ]. 


1 > 

row of ventral plates, 

The last named, which 
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ventral and lateral plates, guarded each by a valve-like plate 
called the tentacle -scale. In Ophiothvix they are covered 
with sense-organs, each consisting of a hillock-like elevation of 
the ectoderm, in which are cells carrying long stiff sense-hairs. 
In most Ophiuroids such organs are not present, though 
abundant scattered sense-cells occur, and the outer surface of 
the tube-feet and the lining of certain pockets called u genital 
bursae (fig. 208, g.b) are the only portions of the surface 
where the ectoderm persists. Everywhere else, although present 


lateral arm 


upper arm plate 


S P .‘. 


w.v.r 


ect. 


coe. 


vertebra 



tentacle e * L j nerv.r*d. 

scales. underarm ** 

plate. perin. 


gang.p. 


F 10 . 209. — Diagrammatic transverse section of the arm of an Ophiuroid. roe, Dorsnl 
coelomic canal ; ect, ectoderm covering the tube-foot ; ep , epineuml canal ; gany.p , 
pedal ganglion ; /,, nerve-cord ; muse , longitudinal muscles attaching one vertebra 
to the next ; nerv.rad , radial nerve -cord ; perih , radial perihaemal cnnal ; pint, 
podium (tube-foot) ; sp , lateral spines ; w.v.r , radial water- vascular canal. 


in the young, it disappears, leaving as remnants a few nuclei 
here and there attached to the under side of the ^cuticle. 1 

M 

The greater part of the section of the arm is occupied by a 
disc-like ossicle called the “ vertebra.” Each vertebra articulates 
with its predecessor and successor by cup-and-ball joints, and it 
is connected to each of them by four powerful longitudinal 
muscles. Above, its outline is notched by a groove, in which 
lies an extension of the coelom of the disc (Fig. 209, coe), hut 
contains no outgrowth of the alimentary canal, as is the case in 
Asteroidea. The vertebra is also grooved below, and in this 
lower groove are contained the radial water- vascular canal 

1 In the more primitive Ophiuroidca (Streptophiurae) it ]>ersists all over the 
body ; in Cladopliiurae it is found on the central part of the disc. 
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( 1, ,g - 209 w.v.r) and below it perihaemal canals as in Asteroidea • 
below tins again the radial nerve-cord (Z), and beneath tlis’ 
again a canal called the “epineural canal ” (ep), which represents 

Britt“a g r T" CIUl gr ° 0Va This Canal 1,1 the ™y young 
Biittie Star is an open groove, but becomes closed by the 

pproximation of its edges. The vertebra, which has a double 

origin represents a pair of fused ambulucral ossicles In 

(X“'C 0Dl) ' Sli8h “)’ ,dhere “ t *» »»« 



Fi°. 210.— Proximal and distal views of th* ° ^ 

Opluuroidea. A, Ophiotercxis, a t yL of the'st T* »° f vertebra amo 

B, Astroschema , a type of th« pi„,i, 1 • , Streptopbiurae (after Belli * 

a type of the^ Zyg ^h i C , ‘ (aT^TuU^) ^ >' * 10 i C, 

represents the distal aspect, the lower the nmvr ’ / ‘ e Upper fi & ure in all c 
Ventral groove. U P lo ximal aspect of the vertebra. 


it can be divided foto°a Itld^bord ^ ® Xail ? I . n f d ifc is found that 
four muscles by which it is connected touts ' atUchei1 the 

khobs and pits, by nl n8 717 * Which are ^uated the 
vertebra. 7 8 ° f wh,ch 11 articulates with the next 

The simultaneous contraction nf n, . 

causes the arm to bend upwards The c 7 ^ mUSCleS 
lower bend it downwards wE •/ contraction of the two 

hy the contraction of the unner nioveme nt is effected 

8ide - On the proxLl e sXTf t r r “ ° f the “ me 

vol. i tantral knob two ventro-lateral knobs, 

2 i 
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a median ventral pit and two dorso-lateral pits, and on the 
distal surface there are pits corresponding to the knobs on the 
proximal side and vice versa (Fig. 210, C). These knobs and 
pits restrict the movement of one vertebra on the next, so that 
although the arms can undergo an unlimited amount of flexion 
from side to side, they cannot be rolled up in the vertical plane. 
When the under surface of the vertebra is examined there is 
seen on each side of the central groove two round holes, a 
distal and a proximal. The distal pair are for the passage of the 
canals connecting the radial water- vessel with the tentacles, 
these canals traversing the substance of the vertebra for a part of 
their course ; the proximal pair are for nerves going to the 
longitudinal muscles, which likewise perforate part of the 
ventral border of the vertebra. 

In order to understand the anomalous circumstance that the 

% 

canals going to the tentacles actually perforate the vertebrae, it 
must be clearly borne in mind that the basis of the body-wall 
in all Echinoderms is a mass of jelly with amoebocytes in it, to 
which we must assign the power of secreting carbonate of lime, 
and all we have to assume in the case of Ophiuroids is that 
calcification spread outwards from the original ambulacral 
ossicles into the surrounding jelly, enclosing any organs that 
happened to traverse it. 

When the ossicles of the arm are followed inwards towards 
the mouth, they are seen to undergo a profound modification, so 
as to form, by union with the corresponding ossicles of adjacent 
arms, a structure called the mouth-frame. The general character 
of this modification is similar to that affecting the first ambulacral 
and adambulacral ossicles in the arms of an Asteroid, but in 
the Ophiuroid the change is much more profound. The fiist 
apparent vertebra consists of two separated halves, and each 13 
fused witli the first adambulacral (lateral) plate, which in turn is 
firmly united with the corresponding plate in the adjoining arm. 
Thus is formed the “jaw,” as the projection is called. The 
extensions of the mouth-cavity between adjacent jaws are termed 
“ mouth-angles.” To the apex of each jaw is attached a plate 
bearing a vertical row of seven short blunt spines called “ teeth 
(Fig. 212, p). The plate is called the “ torus angularis ” (Fig. 211, 
T), and on its ventral edge there is a tuft of spines which are termed 
“ tooth -papillae ” (Fig. 208, t.p). On the upper aspect of the jaw 
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are a parr of plates termed “ peristomial plates.” These discs— 
of winch there are two in each radius, one on each jaw which 
flanks the radius— possibly represent the separated halves of the 
rst vertebra, the apparent first vertebra being really the second 

the » f «“> » dorsally . give for .hV^r 



Fia. 211. — Diagrams to 
show the modification 
of the ambulacra] and 
adambulacral ossicles 
to form the armature 
of the mouth. A, Aste- 
roid ; B, Ophitiroid. 
Ay A 4 , t lie first four 
ambulacra ossicles ; 
AdyAtl^ the first four 
adambulacral ossicles ; 

the first plate of 
the iuterradius (in the 
Ophiuroirl the scutum 
buccale) ; I* ) the spines 
borne by the jaw (in 
the Ophiuroid the 
teeth) ; T, the torus 
angularis ; W, the 
water - vascular ring ; 

H r, the radial water- 
vessel ; /, //, the first 
two pairs of tube-feet. 
(After Ludwig.) 


vascular ring and nerve-ring (Fig 219 , 

groove for the first tent ^lf . f * 2 ' ^ and beneath this a 

Which spring directly from th^ ' * the seco,ui - both of 

The worSs “ jaw an d "to ^ 2] 2 ' & 

evidence that the jaws of a Brittle St* ln ' Hlcadl,lg - There is no 

f °° d ' but b y means of the ^ Cr " shing 

nuscies attaching them to the first 
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complete vertebra in the arm they can be rotated downwards 
so as greatly to enlarge the mouth, and again rotated upwards 
and inwards, when they form an excellent strainer to prevent 
the entrance of coarse particles. To permit this extensive 
movement the articulatory facets on the proximal surface of the 
first vertebra have been much modified ; the median knob and 
pit have disappeared, and the dorso-lateral pits are raised on to 
the surface of processes, so that there are in all four processes, 
two of which articulate with one half of a jaw. 

The mouth can be narrowed and the jaws forced inwards 


Fio. 212. — Lateral view of 
mouth - frame of Ophi- 
arachna incrussata. x 4. 
✓I 1 ?, peristomial plate, 
possibly the half ot the 
tirst vertebra ; A\ the 
half of the second verte- 
bra ; A 3 , the third verte- 
bra ; l A > pores for pair 
of tentacles ; gen % genital 
scale lying beside o|»en- 
ing of genital bursa ; 
vuisCj longitudinal musedes 
connecting vertebrae ; n.r, 
groove for nerve-ring ; p* 
tooth ; p\ mouth-papilla ; 

/, torus angularis. (After 
Ludwig.) 

A 

towards the centre by the simultaneous contraction of five 
muscles (muse, tr, Fig. 213) each, which unite the two halves of 
a jaw. 

Turning now to .the skeleton of the disc, we notice that 
dorsally it consists of a closely -fitting mosaic of small plates, 
which are usually concealed from view by a covering of minute 
spines. Opposite the insertion of each arm there are, however, 
a pair of large triangular plates (“ radials ”), which extend out- 
wards to the periphery and strengthen it, much as the ribs do m 
an umbrella. These radial plates are always exposed, in Ophto- 
thrix , even when the rest of the dorsal plates are concealed by 
spines. On the under surface there is a similar plating ; but 
adjoining the jaws are five large, more or less rhomboidal, plates 
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termed “ scuta buccalia ” (Fig. 211, ^ ), on one of which open the 
few madreporic pores which the animal possesses. Attached to 
the sides of the scuta buccalia are the “ lateral mouth shields ” 
which are in fact the adambulacral plates belonging to the second 
pair of ambulacra! plates which form the main mass of the jaws 
Further out, on the under side of the disc, there is, on each side 

(1C 2oT’ n g T°' V SUt ~ the ° Pening ° f the g enital b »«« 

( g- 208, g.b\' so that there are ten genital bursae. The 
genita 1 bursa (Fig. 214) is a sac lined by ciliated ectoderm 
projecting into the interior of the disc. It is called genital 

8Ur “ t ° Pei ‘ lng f ° f thC g6Dital ° rganS aie situatfid 

urface, its main function, however, is respiratory, the cilia 
gmg about a constant inward current of fresh sea-water 

Of theYf n ri; ainCd , in WhiCh diffuses thr0 "g h tlle thin wall 
of the sac into the coelomic fluid. The opening of the bursa is 

Plate” a" 6 ! 0U US radial Side Ly a rod - like ossicle - the « genital 

Of the radial ,4 t & r 1 7 ' Jen '’ and 1,1 °P hlolhrix the outer end 
l , Z £ , plate art iculates with the outer end of the genital 

of the JSSHT-* th ‘ tW ° ^ 0,1 dth » »0e 

WfJT 10 come int ° ^ 

- “ * »”P'o fattened 

through the mouth Thero * a ^ US &n< * cannot everted 
each interradial lobe of the disc P ° Uch F iven off into 

dorsal wall of the coelom hv n SdC 1S attached to the 

-- zf tz s„i % : 

it is impossible to^y. ^hTzTtjZ '* distributed amongst Opliiurids 

» »t IMymout/i,, ,905 ,7 fa ^ 

anJ m A"Vhiuru *JUU„ U ,1„. ’ ,en 1 1,ave f °" n '' !t i" Ophiura ciliari. 
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functionless remnant of the 
retractor muscles of the 
stomach of Asteroidea. In 
the young Asteroid there is 
a similar sheet of membrane, 
which later becomes resolved 
into the ten retractor bands. 

The simple structure of the 
alimentary canal appears to 
be correlated witli the ex- 
ceedingly simple character of 
the food. Ophiothrix feeds 
on the most superficial layer 
of mud at the bottom of the 
sea. This deposit consists 
partly of microscopic Algae 
and partly of decaying organic 
matter, and is much more 
easily disposed of than the 
living animals on which the 
Starfish preys. The food is 
shovelled into the mouth by 
the first two or “ buccal ” 
pairs of tube-feet in each ray. 

The water - vascular 
system has undergone a most 
interesting set of modifica- 
tions, which can be explained 
by noticing the fact that the 
tube-feet have almost, if not 
quite, lost their locomotor 
function and are now used as 
tactile organs. The ampulla, 
or swollen inner end of the 
tube-foot, has disappeared, 

^ and the upper end of the 

Slf organ is directly connected 
with the radial canal by means 
of a curved canal, which 
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traverses the outermost flange of the vertebra, Appearing on its 
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surface in a groove on the outer side of the dorsal lateral knob 
on the distal side of the ossicle. As in Asteroidea there are 
valves, which regulate the entrance of fluid into the tube-foot. 
The stone-canal is a curved tube of simple circular section and 
excessively narrow bore which extends from the water-vascular 
ring downwards to the madreporite (Fig. 213, mp) situated on 
one of the scuta buccalia. The madreporite, in Ophiothrix as in 
most Brittle Stars, is an exceedingly rudimentary structure, con- 
sisting of one or two pores leading into as many pore-canals 
From each interradius, except that in which the stone-canal lies, 

a large Polian vesicle hangs down from the water- vascular ring 
into the coelom. ° 

We saw that in the Asteroid the ampulla was used like the 
bulb of a pipette to force the fluid in the tube-foot down into 
t e tip, so as to press the sucker against the substratum. But 
when the tube-foot is used as a sense-organ, a few circular fibres 
around its upper end suffice to bring about all the extension that 
is needed. Since the extension is no longer a very vigorous act, 
the loss of fluid by transudation has probably been rendered 
insignificant, and hence the stone-canal and madreporite, whose 
iunction it is to repair the loss, have been reduced in size. The 
curious ventral curvature of the stone-canal is, however, due to 
another cause. In the very young Ophiuroid the madreporite 
is on the edge of the disc, and the stone-canal extends horizon- 
tally outwards ; and in some Asteroidea there is a similar outward 
direction in its course. As development proceeds the dorsal 
interradia areas of the disc of the young Ophiuroid grow out into 
lobes, building up the conspicuous adult disc and forcing the 

madreporite, and with it the stone-canal, downwards towards 
tne ventral surface. 

in rr °, f the madre I )orite in Ophiothriz, like some of those 

o n0t directly int0 the stone-canal but into 

wi l t n S1 e DU tl ( r lg ‘ I 3 ’ T1 ‘ iS 18 a kr «e ovoid sac, lined 
mouth s P 7' Iymg between the stone-canal and the 
^ the 7 e ’ “ ° f C ;° UrSe ]t has shared in the ventral rotation 

was easi lv“ aL 1 1*°*°" COnnexi "“ with the stone-canal 

by Ludw | g * Wh0 termed it, on this account, 

P 10 name ‘ixial sinus ” was bestowed mis- 


1 <« 


I>. 310. 


Neue Bcitr. zur Anat. d. Opldurid,,,." ZdUcUr. wis,. Zoo,, xxxiv. 1880 , 
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takenly on another cavity, which will be mentioned in connexion 
with the genital organs. 

The radial perihaemal spaces of the arms open into a "peri- 
haemal ring ” representing the outer perihaemal ring of Asteroids ; 
but the axial sinus does not have any such extension as consti- 
tutes the inner perihaemal ring in Starfish. So-called oral circular 
and radial blood strands are to be found in similar positions to 
the corresponding structures in Asteroideci. 

The nervous system might have been expected to have 
become very much modified, since the activities of the Brittle Stars 
are so different from those of the Starfish. It is indeed a 
universal rule in the Animal Kingdom that, concomitantly with 
the increase in size and activity of a muscle, there is a corre- 
sponding increase in the number of ganglion-cells which control it. 
An accurate radial section of an arm shows that there is, corre- 
sponding to the interspaces between the two vertebrae, a ganglionic 
swelling of the nerve-cord. As in Asteroids, there are not only 
ectodermic ganglion -cells on the under surface of the cord 
abutting on the epi neural canal, but also coelomic ganglion-cells 
derived from the floor of the radial perihaemal canal. Both these 
categories of cells are largely increased in number in the ganglion. 
From the dorsal -cells arise a pair of large nerves which pass 
directly up and supply the great intervertebral muscles. From 
the interspace between the ganglia a direct prolongation of the 
ventral part of the nerve-cord, the so-called pedal nerve, extends 
out along the side of the tentacle, as in Asteroids. In Ophiuroids 
it swells out into a ganglion, completely surrounding the tentacle 
and giving off nerves to the surfaces of the arm which terminate 
in the cuticle. 

There is a large ganglion where the radial cord joins the 
nerve-ring, and, owing to the more specialised condition of the 
nervous system, a severed arm in an Ophiuroid is much more 
helpless than an arm of an Asteroid. It will not carry out 
“ escape movements/' and is for a long time rigid under the 
shock of section ; at last it simply gives reflex movements on 
stimulation. 

Preyer 1 endeavoured to test the “ intelligence ” of Ophiuroids 
by observing how they would adapt themselves to circumstances 
which it might be fairly assumed they hud never encountered 

1 “ Bewcgiingrn <], .Soostoriicii," Mitth. Zool. Slal. Nsajicl, vii. J888-87, |». 1'^* 
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in their ordinary experience. To this end he passed over the 
arm of a specimen a piece of indiarubber tubing, which clung 
to it tightly. He found that the animal first tried walking off, 
pressing the encumbered arm against the ground, so that° the 
piece of tubing was rubbed off. It was then replaced more 
tightly than before ; the animal, having tried the first method 
without result, waved the arm to and fro in the water till the 
rubber floated off. In a third experiment the animal held the 
rubber against the ground by a neighbouring arm, and drew the 
encumbered arm out. When the rubber was replaced a fourth 
time, the animal kicked it off by alternately pressing neighbour- 
ing arms against it. Finally, when the rubber was put on so 
firmly that all the above-mentioned methods failed, the arm was 
broken off. Preyer concludes from this that Ophiuroids have a 
high degree of intelligence ; but this may be doubted, and the 
reader is referred to the account of Uexkiill's experiments given 
in the next chapter. There is, however, no doubt at all that 
Ophiuroidea are by far the most active of all Echinoderms, and one 
would naturally correlate this with higher psychic development. 

1 he radial nerve ends in a terminal tentacle sheltered by a 
median plate at the end of the arm ; but eyes, such as are found 

in Asteroids, are wanting, and the animal does not appear to be 
sensitive to light. 

The reproductive system in Ophiuroids consists of, a genital 

stolon giving rise at its distal end to a genital racl.is, which 
extends in a circular course round the disc, ensheathed in an 
aboral sinus (Fig. 213, ah) and swelling out so as to form 
the gonads (testes or ovaries), where it passes over the inner 
aide of the genital bursae. The genital stolon (Fig. 213 am st) 

“ovnn” 1 ? 0 1 1 °>> 0i< T 01 : gan ’ ofte11 termed on account of its shape the 
o y o,d gland It is situated close to the stone-canal, and as in 

Starfish, it indents the outer wall of the axial sinus; but unlike 

the stolon of the Asteroid, it is separated from the general coelom 

wall is 8 C’ d > "'’'"I* * f0rn ‘ 8 thG "all, but whose JZ 

ear ful ,''! y .Y h r5 °‘ me,,,b,a,,e - This cavity must be 
wh n distinguished from the axial sinus of Asteroidea, to 

<• 1 , 8Up l’ 0sed at °" e time to correspond ; it is really 

r U , POCket ;? iku i "8 rowth " T the general coelom into the 

imu'r side" 11 / tllCilXial Kiu,,S - Tl * -11s forming the 

Ills pocket form the primitive germ-cells, which 
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constitute the main mass of the ovoid gland ; those of the outer 
side remain thin. The cavity of the ingrowth is shut off from 
the general coelom, but persists throughout life. In Asteroids a 
similar ingrowth takes place, but both walls thicken and become 
converted into germ cells, and the cavity disappears, and, as in 
Asteroidea, a considerable number of the germ-cells in the stolon 
degenerate. 

The genital rachis (Fig. 213, gen.r) is an outgrowth of the 
distal end of the genital stolon, which extends in a complete 
circle round the disc. The rachis does not, however, lie every- 
where in the same plane, but by its undulating course bears 
witness to the distortion which the disc has undergone. In the 
radii it is, as in the Asteroid, dorsal ; but in the interradii it is 



Fro. 214. — Diagram of a tangential section through the edge of the disc of an Ophiuroid 
to show the relations of the disc, arm, and genital bursae, ep, Epineural canal ; muse, 
longitudinal muscle of the arm ; nerv.rcul , radial nerve cord ; ov, ovary ; perih , 
radial perihaemal canal ; w.v.r , radial water-vessel. 


ventral, this ventral portion having, like stone-canal and axial 
sinus, been carried down by the preponderant growth of the 
dorsal parts of the disc. It is everywhere ensheathed by the 
aboral sinus, which, as in Asteroids, is an outgrowth of the coelom. 
The rachis is embedded in a strand of modified connective tissue, 
to which we may (as in the case of Asterins ) apply the name 
“ aboral blood-ring.” Both on the central and peripheral sides of 
this sinus are vertical muscles connecting the genital and the 
radial plates, which bring about the respiratory movements 
already referred to. Just above the madreporite, at the end of 
the genital stolon, is a small, completely closed space, which by 
its position corresponds with the madreporic vesicle of Asteroids 
and represents the right hydrocoel (Fig. 213, mv). As the 
rachis passes over the genital bursa it gives off branches, which 
swell up to form the genital organs. In Ophiothrix there is 
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one such organ on each side of each bursa, but in other genera 
(cf. Ophiarachna) a large number of small ones. The genital 
products are shed into the water through the bursae. 


Classification of Ophiuroidea. 


Before proceeding to study the classification of Brittle Stars, 

it is necessary to give some account of the range of structure 
met with in the group. 

Number of Radii. — The number of arms is rarely increased, 
and hardly ever exceeds six ; a few species (each an isolated one 
in its genus) have six arms, and in one case ( Ophiactis Virens'), at 
any rate, this is associated with the power of transverse fission. In 
many Cladophiurae the arms fork repeatedly, so that although there 
are only five radii, there is quite a crowd of terminal branches. 

Vertebrae. The vertebrae differ in the manner in which 

they articulate with one another. In Ophiothrix fragilis taken 

as the type, which in this respect resembles the vast majority 

of species (Zygophiurae), the knobs and pits on the faces of the 

vertebrae prevent the arms from being coiled in the vertical 

plane. In Ophioteresis (Fig. 210, A) and some allied genera 

(Streptophiurae) the knobs are almost obsolete, and the arms are 

free to coil in the vertical plane ; whilst in Gorgonocephalus and 

Astrophyton (Hadophiurae) the arms are repeatedly branched 

and the vertebrae have saddle-shaped articulating surfaces, so 

that they have quite a snake-like capacity for coiling themselves 

round external objects. In Ophiohelus (Fig. 216) each vertebra 

consists of two rod-like plates placed parallel with the long axis 

o the arm and fused at both ends, but divergent in the middle 
leaving a hole between them. 


Covering Plates of the Arms. — The upper arm-plates are 
t ie most variable. They may be surrounded by small supple- 
mentary plates ( Ophiopholis ) or double ( Ophioteresis ). In all (?) 
Cladophiurae and most Streptophiurae they are absent, being 
piaced by minute calcareous granules. Under arm-plates are 

manvVl" ? P l n ° tereSt8 and in the di«tal portion of the arms in 

r llf r 0I ; T ae - SidC arm -P lateS are constantly present, and 
most Cladophiurae meet in the middle line below. 

r Spines. The spines borne by the lateral covering plates 
' the arn,s var y greatly in character. In Uj.hiuru and its 
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allies they are short and smooth, and are borne by the hinder 
edge of the arm and directed backwards ; but in the larger 
number of genera they are borne nearer the centre of the plate, 
and are directed outwards at right angles to the arm. They 
may be covered by small asperities, as in Ophiothrix (Pig. 215, 
C), when they are said to be rough ; or these asperities may 
become secondary spines, as in Ophiacantha (Fig. 215, B), when 
they are said to be thorny. In Ophiopteron all the spines borne 
by a single plate are united by a web of skin so as to constitute 
a swimming organ. The small plates guarding the ends of the 
tentacles (tentacle- scales) may be absent, or more rarely double. 
In Cladophiurae there is a regular transition from tentacle-scale 
to arm-spine ; the tentacle-scale being merely the smallest of the 
series of lateral spines. 


True pedicellariae are unknown amongst Ophiuroidea, since 
there is no longer a soft ectoderm to protect, but in some cases, 
as for instance in Ophiohelus , small hooks movable on a basal 
piece attached to the arms are found which may represent the 
vestiges of such organs (Fig. 216). Similar hooks are found in 
the young Ophiofhrix fragilis just after metamorphosis and in all 
Cladophiurae, replacing in the latter case the arm-spines in the 
distal portion of the arm. 

Mouth- Frame. — In its broad outlines there is practically no 



Fm. 215. — Three types of mouth-frame found in Zygophiurne. A, Ophioscolex, x 10 ; 

B, Ojhiacunthu, x G ; C, Ophiofhrix, x 6. (After Lyman.) 


variation in this organ throughout tin; group, but in respect of 
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the spines, which are borne on the flanks of the jaws (mouth- 

papillae) and on their apices (teeth and tooth-papillae) there is 

very great variation. Teeth are always present. Mouth-papillae 

are very frequently present, tooth-papillae are rarer, and it is 

only m a restricted number of genera ( Ophiocoma and its allies) 

that both mouth-papillae and tooth -papillae are present at the 
same time. 

Skeleton of the Disc. — This is typically composed of a 
mosaic of plates of different sizes, but in some eases ( Ophiomyxa , 
most Streptophiurae, and Cladophiurae) these, with the exception 
of the radials and genitals, are entirely absent, and the disc is 



Fio. 216. — A portion of an 
arm of Ophiohelus vtubella, 
near the distal extremity, 
treated with potash to 
show the skeleton, x 55. 
The vertebrae are seen to 
consist of two curved rods 
united at their ends. The 
triangular side-plates bear 
a row ol movable hooks 
which articulate with 
basal outgrowths of the 
plate. (After Lyman.) 


then quite soft and covered with a columnar epithelium the 
persistent ectoderm. Even the scuta buccalia may disappear. 
Ihu hal shields are absent in Ophiohelus. In many cases 
(Opkwthnx and Oplnocoma) all the dorsal plates except the 
.radials are concealed from view by a covering of small spines 

™ g r ra (¥ “ WIFS) there are five lar S e P^tes in the 

“ cdvdnal ‘"f UPPer Part ,° f the diSC ’ Which lluve been termed 
calycinals from a mistaken comparison with the plates forming 

, . CUP ° r ° alyx of the Tdmatozoa, but there is no connexion 
between the two sets of structures. 

The madreporite is usually quite rudimentary, but in Clado- 
puurae there may be five madreporites, each with about 200 
pores, and, of course, five stone-canals. 
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The number of genital organs varies very much. In the 
small Ampliiura squamata there are two .gonads, an ovary 
and a testis, attached to each bursa, but in the larger species 
there may be very many more. 

We follow Hell’s classification, 1 according to which the 
Ophiuroidea are divided, according to the manner in which 
the vertebrae move on one another (ef. Fig. 210), into three 
main orders, since these movements are of prime importance in 
their lives. 

(1) St re ptophi u RA E, in which the faces of the vertebrae have 
rudimentary knobs and corresponding depressions, so that the 
arms can be coiled in the vertical plane. These are regarded 
as the most primitive of Ophiuroidea. 

(2) Zygophiurae, in which the vertebral faces have knobs 
and pits which prevent their coiling in a vertical plane. 

(3) Cladophiurae, in which the arms can be coiled as in (1) 
and are in most cases forked. No teeth ; the arm-spines are 
papillae, the covering plates of the arms are reduced to granules. 


Order I. Streptophiurae. 

This is not a very well defined order ; it includes a few genera 
intermediate in character between the Cladophiurae and the 
Zygophiurae, and believed to be the most primitive Ophiuroids 
living. It is not divided into families. The vertebrae have 
rudimentary articulating surfaces, there being two low bosses and 
corresponding hollows on each side, and so they are capable of 
being moved in a vertical plane, as in the Cladophiurae ; the 
arms never branch, and further, they always bear arm-spines 
and lateral arm -plates at least. No species of this order are 
found on the British coast, but Ophiomyxa pentagona , in which 
the dorsal part of the disc is represented only by soft skin, is 

common ir the Mediterranean. 

Ophioteresis is devoid of ventral plates on the arms, and 
appears to possess an open ambulacral groove, though this point 
has not been tested in sections. Ophiohelus and Opliiogeron 
have vertebrae in which traces of the double origin persist 
(see p. 491). 

1 Bell, “Contribution to the Classification of Ophiuroids,” Proc. Zool. Soe. 
1892, p. 175. 
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Order II. Zygophiurae. 

Tins group includes all the common and better-known British 



(ft™ 

onns. They are divided into five families all nf »),■ v. 

represented in British waters. whlch are 

Fam. 1. Ophiolepididae. 1 — Arm inserted in a definite cleft 

arnann, Broun s Thier-Iteich Bd ii Abt 1 n v 
discriminates a familv *•, * 1 * Abt - 3 » Ophiuroidea, 1900 , p. 910 f., 

be distinguished from Ophiolepididle. Ut n ° character whicb it can 
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in the disc, or (expressing the same fact in another way) the 
interradial lobes out of which the disc is composed are not com- 
pletely united. Kadial shields and dorsal plates naked. Arm- 
spines smooth and inserted on the posterior border of the lateral 
arm-plates. 

This family includes all the Brittle Stars of smooth porcel- 
anous aspect and provided with only short spines. Forbes 1 



Fio. 218. — Oral view of Ophinglypha ( Ophiura ) bullata. x 5. (From Wyville Thomson.) 

called them Sand-stars, since their short spines render these 
animals incapable of burrowing or of climbing well, and hence 
they appear to move comparatively rapidly over firm ground, 
sand, gravel, or muddy sand, and they are active enough to be 
able to capture small worms and Crustacea. The prey is seized 

by coiling one of the arms around it. 

One genus, Ophiura , is fairly common round the British coast, 

1 Forbes, “A History of British Starfishes an«l other animals of the class 
Echinodcrniata," 1841, p. 23. 
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bein K represented by O.ciliaris and 0. allndu ; the loriner m the 
commoner An allied species dredged by H.M.S. “ Challenger ” 
13 represented m Jigs. 217 and 218. ° 

Ophiumusium (big. 219) is a very peculiar genus The 
mouth-papillae on each side of each mouth-angle are confluent 

i;i:(fig a 22 a o z r like projection on each sk,e ° f 

The arms are 
short, and the 
podia are only 

developed at the 
bases of the 

OjyJiio- 
has the 
surface 
into a 
conical elevation 
protected by a 
central plate 
surrounded by 

live large plates. 


arms. 

PUrf/us 

dorsal 

raised 



Fig. 219 


Ah °?'r v ° f OjAiomuium jnUchellum x 7. 
(from YVyville Ihomson.) 


In the re- 
Tnaining four 
families the arms 
are inserted on 

tlic most interesting Ilrittlo Cf.,,. kj • 

s ;zzz z 

exception of the mo t f the whole with the 

-Xa t a :t z ~ = srr Tht " 

von. 1 161 geilUS bel “ngiug to this family, dis- 

2 K 
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tinguished from Amphiura by its shorter arms and smoother 
arm -spines. It lives in the interstices of hard gravel. The 
British species, 0. balli , presents no special features of interest, 
but the Neapolitan 0. virens is an extraordinary form. It has six 
arms, three of which are usually larger than the other three, for 
it is always undergoing a process of transverse division, each half 



Flo. 220. — Oral view of Ophiomusium pulchellum, x 7. (From Wyville Thomson.) 

regenerating the missing part. It has from 1 to 5 stone-canals, 
the number increasing with age ; numerous long-stalked Polian- 
vesicles in each interradius, and in addition a number of long 
tubular canals which spring from the ring-canal, and entwine 
themselves amongst the viscera. 1 All the canals of the water- 
vascular system, except the stone-canals, contain non-nucleated 

1 Simrotli, “Anatomic mid Schizogonie der Ophiactis virens/ Zeitschr. wist . 
Zool. xxvii. 1876, p. 452. 

k 
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corpuscles, carrying haemoglobin,* the respiratory value of which 

TO - “ f il “ ^ “ 

t; ,,8 r heJ &om t,,e *■"*** «“•» * 

dorsal plates; whilst in 
Ophiacantha these granules 
develop into prominent 
spinelets, and the arm- 
spines are also thorny. 

Ophiopholis aculeata occurs 
in swarms in the branches 
of the Firth of Clyde, and 
presents a most remarkable 
series of variations in colour. 

Ophiopsila is a closely allied 
form, distinguished by its 
large peristomial plates. 

Fam. 3. Ophiocomidae. 

—Both mouth-papillae and 

di«c i.^ore'S “thg”,',!,!!, ’ he >rm ' Spi “ s a " »"<i the 

»' Tit" 1 '*" Br,,is '' 

are completely hidden fro^ ^ le . plates of the dorsal surface 
Ophiarachna. V16W ^ a cover “ 1 g of granules. 

mouth-papillae absent* 0 *** 46 ’ ~ To °th -papillae alone present 

This famdv ’ am ‘- 81,lne8 rou ghened or thorny. ’ 

» P»'»P» the f Wh “ 

has been selected as the tvne fm ? i ? S ‘ °P hi “roids, and 
The back for special description. 

triangular radial plate? bare^ This 1UleS ’d havil>8, however . the 

naturalist^ the speeTes Pe "£ phyUum : forinerl y nsed by some 

variations in colour nearly as *** 8warnis » and presents 

nearly as marked as those of Ophiopholis. 

568 efj? deS M0rp,,0l0glques sur les Eoliinodei-mes,” Arch. Biologic, xi. 

™.° Uth frame is represented in Fig 215 A l,v » fi 

' ' vhlc h belongs to the Streptophiurae. S ’ ' y fieUre ° f 


Fm. Ml. -Oral view of Ophiacanlha My,. 
X4. (From Wyville Thomson.) 
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I'm i nodkkmata — on nr in >idf.a 


(HAT. 


Ojih /uj//rr<>/i. m probably .i swimming Ophiumid, as tin* lateral 
sj)iiK's of each segment of 1 1 it* arm art.* connected 1 >y a web ot 
skin. 

Order III. Cladophiurae. 

These, like tin* St reptophiurae, have the power of rolling tin* 
arms in a vertical plane, but tin* articulating surfaces of the 
vertebrae are well -developed and saddle-shaped. The dorsal 
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Kk; 222 — Aboral view of youni? Astrophytun limku, slightly enlarged. 

(From Wvville Thomson.) 

surface of the disc and arms is covered with a thick skin with 
minute calcifications. Upper-arm plates wanting. • Ihclial plates 
always present, though occasionally represented hy lines *d scales 
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Th e order is divided into three families, two of winch are repre- 
sen ted 111 British waters. 1 

Pam 1 Astroschemidae.— Arms uni, ranched. Astronvx is 

comparatively common in the sea-lochs of Scotland. There are 

a senes of pad-like ridges on the arms, representing the side- 
1 lutes and hearing the spines. Astroschema 

mi 1 XZT--*™ “*•* «• -'»• 

Fam 3. Euryalidae. — Arms forked to their bases Goran 

”S»7 rrr" y ****■ ™ *•» jl . 

crown of i 1 annS repeated, y fork - that a regular 

c own of interlacing arms is formed. The animal obviously 

mgs to external objects with these for it is n f> f 1 ^ 

r:“ rc nr ' rn " » 

tively shallow water. is/ropAyp/^Fig' “J! 1 ? 1 ' 

differing only in trifling points if f u ? 

whether the station of thi two geniTJ. t*i£d 

represented SJT^]7b"t ratIler 

series of very interest o ' V Sl,Umn ari(1 Devonian a 

character between Si « foni1 ® °® cur which are intermediate in 

therefore in all proCJity VoS v StoS”’ “ ml ^ 
of modern Ophiuroids and Astmdds ifl p l CO,,imon ancesto,s 
hirgely to our knowledge of ' !lS lwc,ltI y added 

described a number of new . . l’> '"utiye forms, and has 

Lower Silurian has in . T '" 8 E " ,,h ivr ” from the 

are represented by an alterant" ' gI0<>ve ’ all<1 t,)e vertebrae 

deeply grooved In ^ umler ' ZF* Y ' T’""* ”*** 

tentacle, which was not vet f-.s i ' Ke * 0r Uie rece Ption of the 

vertebra. The lateril or ‘ 1 V i" IU | ° dern forn ' 8 ) enclosed in the 
outwards, and e .cb \Z t P^tes extended horizontally 

A remar ‘he ? ° f ^ iws at ** outer edge 

the an 1 hula a, 1 '7ssi!.l t ' a r' Vi,fa ' e tlm hu} ™ ° f U '“ vertebrae 
, „ ' ,,SS, ‘ l0s) ,hve W order to form the mouth- 

jt " 1 - ats - ,v - 1 «»•" "i!i* ,j io.v" v.i' ('iC::^xr i,lr * ,v ** r - ,i * r ^ 
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angles, no less than five or six vertebrae are thus affected, instead 
of only two as in modem forms. The actual "jaw,” however, 
seems, as in modern forms, to consist only of the first adambu- 
lacral fused to the second ambulacral, so that instead of conclud- 
ing with Jaekel that the “ jaws” of modern forms result from 
the fusion of five or six vertebrae, a conclusion which would 
require that a number of tentacles had disappeared, we may 
suppose that the gaping “ angles ” of these old forms have, so to 
speak, healed up, except at their innermost portions. 

In Bohemura , which belongs to a somewhat younger stratum, 
the structure is much the same, but the groove in the ambulacral 
ossicle for the tentacle has become converted into a canal, and the 
ambulacral groove itself has begun to be closed at the tip of the 
arm by the meeting of the adambulacrals. 

In S ympterura, a Devonian form described by Bather , 1 the 
two ambulacral plates of each pair have thoroughly coalesced to 
form a vertebra, hut there is still an open ventral groove, and no 
ventral plates. 

In the Trias occurs the remarkable form Aspidura, which had 
short triangular arms, in which the tentacle pores were enormous 
and the ventral plates very small. The radial plates formed a 
continuous ring round the edge of the disc. Geocoma from the 
Jurassic is a still more typical Ophiuroid ; it has loug whip-like 
arms, and the dorsal skeleton of the disc is made of fifteen plates, 
ten radials, and five interradials. In the Jurassic the living 
genus QpliioyJypha appears. 

The Cladophiurae are represented already in the Upper 
Silurian by Eucladia , in which, however, the arms branch not 
dichotomously, as they do in modern forms, but monopodially. 
There is a large single madreporite. 

Ony chaster, with un branched arms, which occurs in the Carbo- 
niferous, is a representative of the Streptophiurae. 

It will therefore be seen that the evolution of Ophiuroidea 
must have begun in the Lower Silurian epoch. The Strepto- 
phiurae are a few slightly modified survivors of the first 
Ophiuroids. By the time the Devonian period had commenced, 
the division of the group into Zygophiurae and Cladophiurae 
had been accomplished. 

1 Gcol. Magazine , No. 490, April 190.'», pp. 1 HI -168. 
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CLASS III. ECHINOIDEA 


SEA-URCHINS 


Ihe Sea-urchins or Echinoidpo ( , p P » « T t i 

sST 1 It 01 \!tS ™«TbiI“ te e d‘ re 

^ St “r tl ”£» ~ 

» aw,j. L“i,?irir? 8on - ln ' t “ “*>* 

quite spherical ; sometimes k is s o s» Jul ![', h J ” ver 
the form of flattened discs. 1 the anjIna ls have 

M, i U j7* r »J «>• Echinoidea the Star- 

common species alive The surf ” i° an -' one who secs one of the 

tube-feet, 'terminated by ^ ddicato ^^ent 

although capable of much more extension T? th ° 8e ,° f Starfish « 

these organs, which attach themselves by their 6 “T* thr ° WS ° Ut 
stratum and so pull the bodv aim, i,a , Sl >ckers to the sub- 
steady it and prevent it f,r ^ g ' whllsfc the spines ire used to 

PuH of the tube-feet Whenm Un,, ° r the unbalanced 

°n its spines, the tube-fej bein^rnf q ” Usk]y the animal walks 
distributed over five bands wh! I ^ The tube-feet are 
pole of the animal to the other ^Th' 1 " Inmdians from one 
aad the y extend from the month i ^ ° ailds are termed “radii," 
()f tlle lower surface m, to t? UC 1 * S Sltuate(1 111 the centre 

The radii “nist be Comparer trS hb0Ur i h T d ° f th ® ab ° ral pole ‘ 

Ihe amhulacral grooves on the 
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oral surface of the arms of Starfish, and lienee in Urchins the 
aboral surfaces of the arms have, so to speak, been absorbed into 
the disc, so that the oral surfaces have become bent in the form 
of a semicircle. The radii are separated from one another by 
meridional bands called “ interradii,” which correspond to the 
in ter radial angles of the disc of a Starfish and to the sides of 
its arms. The small area enclosed between the upper termina- 
tions of the radii is called the “ periproct,” and this corresponds 

to the entire dorsal surface of the Starfish, including that of 
the arms. 

One of the commonest species of British Sea-urchin is Echinus 
esculentus. In sheltered inlets, such as the Clyde, it is often left 
exposed by the receding tide, whilst everywhere on the coast in 
suitable localities it may be obtained by dredging at moderate 
depths on suitable ground. In the Clyde it is easy to observe 
the habits of the animal through the clear still water. It is 
then seen to frequent chiefly rocky ground, and to exhibit a 
liking for hiding itself in crevices. Often specimens will be seen 
clinging to the rock by some of their tube-feet, and, as it were, 
pawing the under surface of the water with the others. In the 
Clyde it feeds chiefly on the brown fronds of laminaria, with 
which the rocks are covered. In more exposed situations, such 
as Plymouth Sound, it does not occur in shallower water than 

18 to 20 fathoms. At this depth it occurs on a rocky ridge ; 
but in 1899, after a south-west gale, all the specimens had 
disappeared from this ridge, showing at what a depth wave 
disturbance is felt. 

A full-grown specimen is as large as a very large orange ; its 
under surface is flattened, and it tapers somewhat towards the 
aboral pole. The outline is that of a pentagon with rounded 
angles. I he spines in Echinus esculentus are short in com- 
parison to the diameter of the body, and this is one of the 
characteristics of the species. 

The animal is provided with a well-developed skeleton, con- 
sisting of a mail of plates fitting closely edge to edge, and 
carrying the spines. This cuirass bears the name “ corona 
(lig. 227). It has two openings, an upper and a lower, 

which are both covered with flexible skin. The upper area 
is known as the “ periproct ” (Fig. 227, . 2 ); it has in it 
small isoluted plates, and the anus, situated at the end of a 
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the leading factor in the evolution of Echinoidea. The spines 
have cup-shaped basal ends, which are inserted on special pro- 
jections of the plates of the skeleton called tubercles. The 
tubercle is much larger than the cup, and hence the spine has 
a great range of possible motion. The spines differ from those 
of Starfish and Brittle Stars in being connected with their 
tubercles by means of cylindrical sheaths of muscle fibres, by the 
contraction of which they can be moved in any direction. The 
muscles composing the sheath consist of an outer translucent and 
an inner white layer. The former are easily stimulated and 
soon rel<tx ; they cause the movements of the spines. The latter 
require stronger stimulation, but when aroused respond with 
a prolonged tetanus-like contraction, which causes the spines to 
stand up stiffly in one position ; these muscles can be torn across 
sooner than forced to relax. Uexkiill 1 has appropriately named 
them “ block musculature.” These sheaths, like everything else, 
are covered with ectoderm, which is, however, specially nervous, 
so that we may say that the muscular ring is covered by a 
nerve-ring from which stimuli are given off to the muscles. 

The spines are, speaking generally, of two sizes, the larger 
being known as “primary spines” and the smaller as “secondary.” 
In many Echinoidea these two varieties are very sharply con- 
trasted, but in Echinus esculent us there is not such a great 
difference in length, and intermediate kinds occur. The forest of 
spines has an undergrowth of pedicell&riae. All Echinoidea 
possess pedieellariae, which are much more highly developed 
than those of any Asteroid. With few exceptions all the pedi- 
cellariae of Echinoidea possess three jaws and a basal piece. 
This latter is, however, drawn out so as to form a slender rod, 
which articulates with a minute boss on a plate of the skeleton. 

Of these pedieellariae there are in E. esculent us four varieties, 
viz. (1) “ tridactyle ” (Fig. 225, C; Fig. 226, B) : large con- 
spicuous pedieellariae witli three pointed jaws, each armed with 
two rows of teeth on the edges. There is a flexible stalk, the 
basal rod reaching only half way up* These are scattered over 
the whole surface of the animal. 

(2) “Gemraiform” (Fig. 225, A, B ; Fig. 226, A), so called 
from the translucent, almost globular head. The appearance of 

1 “Die Physiologic ties Seeigelstachels,” Zeilscfir. fur Biol, xxxix. 1900, pp. 73 
Ct icq. 
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smaH 1 7 ri l| 0Uate ”• (Fig * 225 ' E; Fig226 > D ): these are very 
, pedicellariae, In which the jaws are shaped like leaves with 

whi r H Je f ng 0utwards - T1 ‘ey are scattered over the 
whole sui face of the body. 

in It' :° t [ ; hlCephal r U ' S ” (Fig ‘ 225 > D 5 Fi S- 226, C): pedicellanae 
n which the jaws have broad rounded distal ends fringed with 

eeth ; these ends bear a resemblance to a snake’s head, whence 

the name. The bases are also broad and thin, with a strong 

' « un rib and a peculiar semicircular hoop beneath the spot 

here t.iey articulate with one another. The three hoops of the 

nee jaws work inside each other in such a way as to cause the 

jaws to have a strong grip and to be very difficult to dislocate 
irom their mutual articulation. 

The ophicephalous pedicellanae are in Echinus the most 
abundant of all ; ami they alone extend on to the peristome, 
where a special small variety of them is found 

A thorough investigation of the functions and reactions of 
ic pedicellanae has quite recently been made by von Uexkiill. 1 
e s lowed, first of all, that there is a nervous centre in the stalk 
o each pedicellaria (see below), which causes the organ to 
ic me towar s a weak stimulus, but to bend away from a stronger 
nnu us. n the head there is an independent nervous centre, 
uc i re 0 u ,ites the opening and closing of the valves, and causes 

r 011 8li « h * stimulus and close when a stronger one 

app ie . The amount of stimulus necessary to cause the 
pc icellariae to retreat varies with the kind of pedicellanae, 

6 ? S Wlt 1 tridactyle and most with the gemrniforrn, 

• , ( 11 . W en a c ein | ca l stimulus, such as a drop of dilute ammonia, 
ipp iec to the skin, the tridactyle ped icellariae may be seen to 
ee rom an the gemmiform to approach the point of stimula- 

f t° n ’ i' 1 ^ 1Vin ®. ^ ea “ llrc ^in, if the attempt is made to seize 
e n ac y e pedicellariae they will evade the forceps, but the 
ophiocephalous are easy to catch. 

The tridactyle pedicellariae open with the very slightest 
mec anica stimulus and close with rather greater mechanical 

: h lmu „ ° r Wlth exceedingly slight chemical ones. Uexkiill calls 
em ► map-ped icellariae, and their function is to seize and 
roy t ic minute swimming larvae of various sessile parasitic 

I>. 33 ^. CXkUl1 ’ " DlC I>,,ysio, °« ic d,!r ^e«iicc!Iarici», M Ztilschr. fur Biol, xxxvii. 1899, 
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animals, which would otherwise settle on the delicate exposed 
ectoderm of the Sea-urchin. 

ihe gemmiform pedicelluriae are brought into action when a 
more serious danger threatens the Sea-urchin, such as an attach- 
'd a Starfish. The corrosive chemical influence, which it can 
be proved exudes not only from the stomach hut even from the 
tu ie-teet of the Starfish, causes tin / gemmiform pedicelluriae to 

“TT an<1 "1*» "idelv. When the foe approaches so closely 
t0 t,H ‘ L ' h the sense-organs (Fig. 225, B, s ) situated on the inm', 



— E a, 

.v, sense-organ, > .*{. C, ti i.l.utvlf i.nlir,. Hariri xfi D .i ’ 1 !“ * 

yuwsr «- - ur:;S'tr.ri:rS: 


side ot the valves of these pedicellariae, the blades close violently 

wounding the aggressor and causing its juice to exude, thus 

producing a renewed and severe chemical stimulation which 

irritates the poison glands and causes the poison to exude. The 

virulence of the poison may he gauged from the fact that the 

late ot a single gemmiform pedicellaria caused a iron’s heart to 
stop beating. ° 

Brouho 1 has described a combat between a Sea-urchin and 
a Starfish. When the latter approached, the spines of the Sea- 

1 '• Du role des j.ediccllaires gemmifonm-n des Oursins," Compt. lit ml. Acad, de 
Pans, cxi. 1890, j.p 62-64. 


5io 


ECHINODERMATA — ECIIINOIDEA 


CHAP. 


urclun diverged widely (strong form of reaction to chemical 
stimulus), exposing the gemmiform pedicellariae. These at once 
seized the tube-feet of the enemy and the Starfish retreated, 
wrenching off the heads of these pedicellariae; then the Starfish 
returned to the attack and the same result followed, and this 
was repeated till all the pedicellariae were wrenched off, when 
the Starfish enwrapped its helpless victim with its stomach. 

The minute trifoliate pedicellariae are brought into play by 
any prolonged general irritation of the skin, such as bright light 



Flo. 226. Views oi a single blade of each kind of pedicellariu. A, blade of gerainiform 
pedieellaria of Echinus elegant ; g , groove for duct of poison gland ; B, blade of 
tridactyle pedieellaria of the same species ; C, blade of ophicephalous pedieellaria 
of the same species ; r, ring for clamping this blade to the other blades ; D, blade 
of trifoliate pedieellaria of E. alexandri. (After Mortensen.) 


or a rain of particles of grit or mud. They have the peculiarity 
that not all the blades close at once, so that an object may be 
held by two blades and smashed by the third. They may be 
seen in action if a shower of powdered chalk is poured on the 
animal, when they seize the particles and by breaking up any 
incipient lumps reduce the whole to an impalpable powder, which 
the cilia covering the skin speedily remove. In thus assisting 
in the removal of mechanical “ dirt 99 they earn the name which 
Uexkiill has bestowed on them, of “ cleaning pedicellariae.” 

The ophicephalous pedicellariae, with their powerful bull-dog 
grip, assist in holding small animals, such as Crustacea, till 
the tube-feet can reach them and convey them to the mouth. 
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The internal organs of the Urchin can best be examined by 
making a horizontal incision about one-third the distance from 
the mouth and pulling the two parts gently asunder. A large 
amount of fluid escapes from the exceedingly spacious coeloinic 
cavity, the alimentary canal being comparatively narrow. 

The alimentary canal commences with a short vertical tube 
which has been shown to be a stomodaeum ; this is surrounded by 
the upper ends of the teeth and their supporting ossicles, which are 
collectively termed “Aristotle’s lantern.” The oesophagus leads 
into a baggy, flattened tube, the stomach, which runs horizontally 
round the animal, supported by strings of tissue from the 
coelom ic wall, so that it hangs down in a series of festoons. 
Having encircled the animal, it bends directly back on itself and 
immediately opens into the intestine, which is also a flattened 
tube, which runs round the circumference of the animal, but in 
the opposite direction, the festoons of the second circle alternat- 
ing with those of the first. The intestine opens into a short 
rectum which ascends vertically to open by the anus. The 
stomach is accompanied by a small cylindrical tube called the 
“siphon” (Fig. 231, siph), which opens into it at both ends; this 
represents merely a gutter which has been completely grooved 
off from the main intestine ; it is lined by cilia, and its function 
is believed to be that of keeping a stream of fresh water flowing 
through the gut, so as to subserve respiration. 

Echinus esculent as seems to feed chiefly on the brown fronds 
of Laminaria and the small animals found thereon, which it 


\ 
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chews up with its teeth, but it may regale itself on the same diet 
as Brittle Stars, as Allen 1 has shown to be the case in Plymouth 
Sound. Dohrn 2 has described the Neapolitan Sphaer ech inus 
yr(inulp,ris attacking and capturing Crustacea such as Squilla . 
x /The water -vascular system presents several features of 
**reat interest. The ring -canal is situated at a considerable 
distance above the nerve-ring, and is separated from it by the 
whole of the jaws and teeth. It has five small interradial 
pouches on it, which apparently correspond to Tiedeinann s 
bodies in an. Asteroid. The stone-canal (Fig. 231) opens as 


1 * The Fauna and Bottom Deposits near the thirty- fathom line from the Eddy- 

stone grounds to Startpoint,” Joum. Marine Mol. Ass. v. 1899, p. 472. 

a “ Mitth. iiber die zool. Stat. v. Neapel," Zeitschr. uriss. Zool. xxv. 1875, P- 
471. 
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usual into the ring-canal, and is accompanied by the axial sinus 
and genital stolon. The name “ stone-canal ” is very unsuitable 
in this order, for there are no calcifications in its walls ; it is a 
simple membranous tube of circular section. On reaching the 
upper wall of the test it expands into an ampulla, into which 
the numerous ciliated pore-canals traversing the madreporite 
open. The radial canals, starting from the ring-canal, pursue a 
downward course till they come into contact with the radial 
nerve-cords, and they then bend upwards and run along the 
centre of the ambulacral region, finally terminating in the small 
terminal tentacles. In the just metamorphosed Echinoid these 
are well-developed tube-feet, each with a well-developed sucker, 
in the centre of which is a conical sensory prominence, but as 
development proceeds they become enclosed in a circular out- 
growth of the test, so that only the tip projects in the adult 

The long extensible tube-feet are connected by transverse 
canals with the radial canal. Instead of the pair of valves 
which in Asteroids prevent the reflux of liquid into the canal, 
there is a perforated diaphragm 1 with circular muscles, which 
by contraction close the opening in the diaphragm, while 
when they are relaxed fluid can return from the tube -foot. 

ie ampulla is flattened, and is contracted by muscular fibres 
called “trabeculae” stretching across its cavity. These mus- 
cular strands are developed by the cells lining the ampulla. 
The external portion of the tube-foot, as in Asteroids, is pro- 
vided with powerful longitudinal muscles, and there is the same 
alternate filling and emptying of the ampulla as the tube-foot 
is contracted and expanded. The tube-foot is connected by a 
double canal with the ampulla, the object of which is to assist in 
respiration. The cells lining it are ciliated, and produce a 
current up one side of the tube-foot and down the other, and 
t e double caid leading to the ampulla separates these two 
currents and prevents them interfering with one another. Thus 

ZTZ l l tranS P° rted froni the ampulla to the tube- 

hen can™, * t , ampulla, and Warn ita^t «” 

a s hC r;: era 'j^-vaty through the walls of the ampulla. 

disc Of the tube-foot is supported by a calcareous plate 


I-. mT'"’ 1 ' “ fit ,lc ' S Mor T ,lol °giq u «s sur les gchinoderoies,” Arch. mi. xi. 1891, 
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(Fig. 232, oss), a circumstance which enabled Johannes Muller to 
recognise the Echinoid larva when the form of the adult was 
as yet unrecognisable. Below the edge of the disc there is a 
well-marked nerve-ring, from which two bundles of nerve-fibres 
go to the disc itself, in the edge of which there is an abundance 
of sense -cel Is. 

The buccal tube-feet (Fig. 229, 4) are much shorter than the 
rest, and are provided with oval discs which are highly sensory. 
These feet are not used for seizing, but for tasting food; when a 



Fio. 232. — Diagrammatic transverse section of the radius of an Echinoid. amb.oss , 
Ambulacral ossicle ; amp , ampulla of the tube-foot ; ep , epineural canal ; muse 
muscles attaching spine to its boss ; nerv, nervous ring in base of spine ; n.r, radial 
nerve-cord ; oss , ossicle in sucker of tube-foot ; petl % tridaetylc pedicellaria ; perm , 
radial perihacmal canal ; pod , tube-foot ; icv.r, radial water-vascular canal. 


piece of food is placed near them they are thrown into the most 
violent agitation. 

The nervous system has the same form as in an Asteroid, 
viz. that of a ring surrounding the mouth and giving off radial 
nerve-cords (Fig. 232, n.r), one of which accompanies each water- 
vascular canal to the terminal tentacle, where it forms a nervous 
cushion in which pigmented cells are embedded. 

A large band-like nerve is given off from the radial nerve- 
cord to each tube-foot. This pedal nerve, as it is called, contains 
bipolar neurons, and is really an extension of the nerve-cord 
itself. Beneath the sucker it branches out to form a sensoiy 
ring. From the base of the pedal nerve, branches are given oil 
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which run to the ectoderm and enter into connexion with the 
plexus there. Romanes 1 scraped away the radial cords and found 
that the spines still converged when a point on the ectoderm 
was stimulated, but that, on the other hand, if definite locomotor 
movements were to be carried out, the presence of these 
cords was a necessity ; hence he concluded that the superficial 
plexus sufficed for ordinary reflexes, but that for purposeful move- 
ments the central nervous system was necessary. 

Von Uexkull - has made an exhaustive study of the physio- 
logy of the nervous system in the Echinoidea. He points 
out that all the organs controlled by the nervous system, 
spines, pedicel lanae, tube-feet, and (see below) Aristotle’s lantern 
give two opposite reactions in response to the same stimulus’ 
according as it is strong or weak, bending away from the point 
of stimulation when it is strong and towards it when it is weak. 
This reversal of reaction can only be due to the action of the 

ZTr 1I l a i 1 1 terlng 'I 16 effeCt ° f the stiniulus the muscles, and 
‘ cul1 regards as its fundamental property. Thus in 

iShied ? e ? nen H S With , StarfiSh the Stl '° ng f0,m ° f stimulation 

s obtained by directly applying the stimulus to the radial cord or 
to the tube-feet, the weak form by stimulating the back, when 
course the stimulus has to traverse a longer path before 

T T eC ,' n , g t le tube-feet, and is consequently weakened. Von 
Uexkull also introduces the conception of “ tone ” with regard 
to the nervous system. This term has been used to denote the 

tim! h ? f Chr °T contra ctiori in a muscle, and it is to be dis- 

The more tone there is in a muscle the less responsive TtT to 
imu 1 en mg to bring about movement. As applied to the 
nervous system - tone ” denotes a condition when it S not 
S ive to small stimuli, but when it is maintain! g eon 

measured To i * WMch ° f «»* owif tone "s 

produce!] ^ a UeU10n Can therefore be measured by the 

from the other'Lwiv” 16 ' T* 0n ® ^ t0 be discri ®mated 

| _ 1 ° f Stlmulus neees sary to irritate the neuron. When 

, I! m 2 r 302 ~ 

ocuroi'unffen vm. Cf,.n -i ... * *eustnr. jur lhol. xxxix. p. 73. 

O n 0 e« von Stollendu,,. MUD, Zool. Slut. Xcapd, vii. 188G-7, p. 22. 
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muscles are stretched the tone is lowered, and this loss of tone 
extends to the neuron controlling the muscle, and vice versa . 
When the spines on being gently stimulated bend towards 
the point of stimulation, this is due to the contraction of the 
muscles on the side towards the point of stimulus, for if the 
superficial plexus of nerve -fibres be cut through so that the 
stimulus has to pursue a round-about course the spine will bend 
towards the direction from which the stimulus comes. The 
bending of the spines away from the stronger stimulus is like- 
wise due to the muscles on the side towards the stimulus. It is 
caused by a sudden fall of tone in these muscles, which causes 
them to yield to the tone of the muscles on the opposite side, 
and this fall of tone is due to a fall of tone in the neurons, for 
it can be produced by chemicals, and the direct action of all 
chemicals applied to muscle is to raise tone. 

In Arbacia this form of reaction cannot be produced; the 
spines respond to stimuli of all degrees of intensity by converg- 
ence towards the point of stimulation. 

When a general skin-irritant like dilute acetic acid, or even 
strong light, is applied to the skin of a Sea-urchin the spines 
bend alternately to all points of the compass, or, in a word, rotate. 
This is due to the fact that the weight of the inclined spine 
stretches the muscles of one side and so renders them more open 
to the general stimulus ; these muscles in consequence contract, 
and so move the spine to a new position in which other muscles 
are stretched, and a similar result follows. A continuation of 

this process brings about rotation. 

When a piece of glass rod or other light object is laid on the 
spines of a Sea-urchin it naturally, by its weight, presses asunder 
the spines and stretches their muscles on one side, thus lowering 
the tone. If now the skin be stimulated at any point the piece 
of rod will be rolled by the spines towards the point of stimula- 
tion. This is caused by the fact that the muscles of the spines 
holding the rod are made more receptive by being stretched, and 
therefore they contract more than do the others in response to 
the stimulation, and so the rod is rolled onwards on to the next 
spines, which then act in the same manner. This passage of 
stimulus is entirely independent of direct nervous connexion 
between the bases of the spines, for it will traverse at right 
angles a crack going clean through the shell; it is merely the 
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result of the mechanical weight of the object and of the juxta- 
position of the spines. 

If the stimulation be too violent the first spines affected 

diverge wildly and strike their neighbours with vehemence, so 

arousing into activity the block musculature of these. This 

causes them to stand rigidly up, and so the path of the stimulus 
is barred. 

Now the escape movements of the animal under strong 
stimulation which Romanes 1 alludes to are just an example of 
this handing on of stimulation from spine to spine, not by 
nervous connexion but by mechanical touch only ; the object in 
this case is the substratum on which the animal lies, which is 
so to speak, rolled towards the point of stimulation, or’ putting it 
otherwise, the animal is rolled away from it. Righting when 
upset is another example of the same phenomenon ; the aboral 
spines are stretched by the weight of the animal, and the animal 
acts as if it were stimulated in the region of the periproct. 

. hen a Sea-urchin is in its normal position and is stimulated 
in the periproct (as for instance by a strong light), it would 
according to this rule, tend to move downwards, which is of course 
impossible ; but as the stimulus never affects all sides quite alike 

from^the “ f T r ° tate8 ’ turning ifcself ever awa y 

n the point of strongest stimulation. In the case of 

trongylocentrotus hvidus when living on limestone, as on the 

west coast of Ireland, this results in the animal excavating for 

breakers. 68 “ ^ fr ° m the acfcion of the 

But it may be objected that no account is taken in the above 
description of the action of the “ central nervous system ” ie of 
the nng and the radial cords, and yet Romanes found that when 
my were removed the escape movements could not be carried 
out. The answer is that the central nervous system is a store- 

“““ \°* l ° ne ’ ” ot * as ln hi " her animals, a controlling centre for 

aHm n tt Dg m ° Vements of the 8 P ines - When it is removed 

i , | ^ a 1 1 . .. n p ill * out, but in a day 

tone of I ns n e m the s pme-museles is lost, and then, since the 

stretched to l ^ 7 ° W ’ ^ 18 n ° tendenc y in those that are 

movements 0 Tu re8p ° n81Ve thai1 and hence the escape 

ments cannot be carried out. Sea-urchins kept in ti.e tanks 


1 Loc. cit. 


See note on p. 541 . 
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of an aquarium are apt to lose the tone of their spines owing to 
the poisoning of the nervous system. 

The central nervous system is, however, the system which 
controls the movements of the tube- feet. As we have seen, 
extensions of the radial nerves run to the tip of each podium. 
Tube-feet are chiefly used in ordinary progression; when this 
is quickened the spines come into play exclusively. The 
extent to which these two organs of locomotion are used 
varies from genus to genus. Thus Centrostephanus uses its 
spines a good deal, Echinus and Strongylocentrotus very little. 
The last-named genus sometimes walks on its tube-feet entirely 
without touching the ground with its spines. 

The faculty of vision in its simplest form may be defined as 
sensitiveness to light and shade. Now strong light acts on 
all Sea-urchins as a general skin irritant. They fly from 

it towards the darkest corner, and then if it continues the . 
spines rotate. A number of little violet spines on the 

aboral pole of Centrostephanus longispinosus are especially 
sensitive to light, and hence are almost constantly in rotation. 
This is due, according to Uexkiill , 1 to a pigment of a purple 
colour, which can be extracted by means of alcohol and which 
is decomposed by light, the products of decomposition being 
supposed to irritate the nerves. Centrostephanus when exposed 
to light becomes darker in colour. This is due to the migra- 
tion outwards of amoebocytes, which carry a pigment which acts 
as a screen in order to prevent the valuable visual purple 
being too rapidly decomposed. Not all Sea-urchins, in fact very 
few of those living in northern waters, give a reaction to shadow. 

C. longispinosus is one of the few ; it reacts to a shadow by 
converging its spines towards it. A much larger number of 
species inhabiting tropical waters show this reaction. It is 
entirely stopped if the radial nerve-cords be removed, whereas 
the reaction to strong light continues. The reaction to shade is 
strongest after a long previous exposure to light, hence Uexkiill 
has given the following explanation of it. The continued 
irritation due to light, having spread to all the spines, eventually 
reaches the radial cords and is there stored in the bipolar nerve- 
cells as tone. When the li^ht-stimulus is interrupted some of 

* “Die Wirkung von I.iclit urn] So hat ten nuf die Secigel,” Zwilschr. fur 
Mol. xl. 1900, 447. 
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the stored tone spreads upwards to the spines, causing the weak 
form of spine reaction, and the spines converge. 

It will be seen therefore that the so-called central nervous 
system of Echinus does not act in any sense as a brain, as indeed 
might have been guessed from the absence of any differentiation 
in it. As Uexkiill points out, when an animal is covered all 
over with similar organs, such as spines and pedicel lari ae, 
capable of acting automatically, a brain is not needed. The 
object of a brain is to direct organs which are in a certain place 

t 

\ 


l 

l 



P 7 j er. 


Fia. 233. — To show character and distribution of the sphaeridia in Slronrjylncentrotiis 
<! r(» : h(uhiensi8. A, a portion of a radius, with sphaeridia, and the adjoining edge 
of tin* peristome, p, Pair of pores for a tube-foot ; per , peristome ; t, primary 
tubercle. B, an isolated sphaeridium. (After Loven.) 


to a danger which may come from any quarter, but in the Sea- 
urchin any spine is as good as any other spine, and such orienta- 
tion is not needed. “ In a dog the animal moves its legs, in a 
Sea-urchin the legs move the animal.” What the Sea-urchin 
does need is a means to prevent its pedicellariae attacking its 
own organs with which they may come into contact. Thus it 
possesses an “ autoderm in,” a chemical contained in the ectoderm 
which paralyses the muscles ot the pedicellariae, as may be seen 
by olfering to them a spine of the same animal. If, however, 
the spine he treated with boiling water, and then ottered, it is 
viciously seized, showing that this substance can be dissolved out. 
list as in .the case of the Starfish, when the nerve-ring is 
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cut through, the tube-feet in the various radii are no longer 
co-ordinated with one another. 

Besides the tips of the tube-feet the Urchin possesses another 
kind of sense-organ, the sphaeridia (Fig. 233). These are minute 
glassy spheres of calcareous matter attached by connective tissue 
to equally minute bosses on the plates of the ambulacra, generally 
near the middle line. They are in fact diminutive spines, and 
like the latter are covered with a thick layer of ectoderm, beneath 
which is a particularly w'ell-developed cushion of nerve-fibrils. 
Only the layer of muscles which connects a normal spine with 
its boss is wanting. Althougn definite experimental proof is 
lacking, the whole structure of the sphaeridia shows that they 
belong to the category of “ balancing organs.” As the animal 
sways from side to side climbing over uneven ground, the heavier 
head of the sphaeridia will incline more to one side or to another, 
and thus exercise a strain on different parts of the sheath, and 
in this way the animal learns its position with regard to the 
vertical. 

Intervening between the radial nerve -cord and the radial 
vessel is a single radial perihaemal canal (Fig. 232, perih), 
representing the two parallel canals found in the same position 
in the Asteroid. The five perihaemal canals lead downwards to 
a space called the lantern-coelom, surrounding the oesophagus. 1 
Since the skeleton of the corona is composed of plates immovably 
connected together, muscles corresponding to the ambulacral 
muscles of the Asteroids would be useless, and so the wall of the 
perihaemal canal remains thin and the side of it turned towards 
the general coelom develops no muscles, and that turned towards 
the nerve-cord no nerve-cells. Where, however, the radial nerve 
enters the nerve-ring, and on the ring itself, an inner layer of 
nerve-cells is developed from the lan tern -coelom which represents 
the lower or oral portions of the radial perihaemal canals. These 
cells control the muscles moving the teeth. These canals are 
originally parts of the lantern-coelom, but in the adult they become 
closed off from it. In the outer wall of this space are developed 
the calcareous rods forming Aristotle’s lantern. These are first: 
five teeth (Fig. 234, li), chisel-shaped ossicles of peculiarly hard and 
close-set calcareous matter, the upper ends (i) pushing out pro- 

1 In the aberrant genus Aslfwnosoma , where there are internal radial muscles, 
there is also an internal scries of nerve-cells on the radial cord. 
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jections of the upper wall of the lantern-coelom. These projections 



Kio. 234 . — Echinus tsculentus dissected in order to display Aristotle's lantern, x 2. 
The whole upper part of the shell has been cut away. 1, Upper growing end of 
tooth ; 2, outer forked end of one “compass ” ; 3, muscle joining adjacent compasses 
and acting ns elevator of these ossicles ; 4, depressor of the compasses ; 5, lower end 
of jaw ; 6, retractor of the whole lantern ; 7, protractor of the whole lantern ; 8, 
auricle; 9, ampullae of the tills; - feet ; 10, iuteramlnilacral plate; 11, lower part 
of tooth ; 12, water- vascular ring; 13, meeting- point of a pair of epiphyses; 14, 
so-called Pol i an vesicle, really equivalent to Tiedciuanu’s lxnly in an Asteroid ; 15, 
oesophagus ; 16, so-called ventral blood-vessel ; 17, genital stolon ; 18, stone-canal ; 
19, rectum ; 20, aboral sinus. (Partly after Chadwick.) 


are the growing points of the teeth, whose lower ends pierce the 
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ectoderm and project into the lower end of the oesophagus. 
Lach tooth is firmly fixed by a pair of ossicles inclined towards 
one another like the limbs of a V and meeting below. Each ossicle 
is called an “ alveolus/’ and taken together they form a “ jaw.” 
Iheir upper ends are connected by a pair of ossicles called 
epiphyses ( 13 ). Ihese two epiphyses meet in an arch above. 
The jaws and their contained teeth are situated interradially. 
Intervening between successive alveoli are radial pieces called 
“ rotulae, which extend directly inwards towards the oesophagus. 
Above the rotulae are pieces termed “radii” or “ compasses ” ( 2 ), 
which are not firmly attached to the other pieces but lie loosely 
in the flexible roof of the lantern-coelom. 

The uses of the various components of this structure can be 
made out from an inspection of the muscles which connect them 
together. 

Overarching each radial perihaemal canal where it leaves the 
lantern is a bridge of calcareous matter called the “auricula” 
(Fig. 234, 8). This arises as two rods which meet each other 
in a pent-house over the canal. It is the only part of the 
skeleton which can be compared to the ambulacral ossicles of the 
Asteroidea, and like them it serves as the point of insertion for 
important muscles. Thus we find (1) protractor (Fig. 234, 7) 
muscles which arise from the upper ends of the alveoli and are 
inserted in the auricula ; when these contract they tend to push 
the whole “ lantern ” outwards so as to expose the tips of the 
teeth. (2) The retractor muscles (Fig. 234, 6) extend from the 
auriculae to the lower ends of the jaws and restore the lantern 
when it has been extruded to its original position. (3) The 
comminator muscles connect adjacent jaws with one another: 
these on contraction approximate the pair of jaws into which 
they are inserted, and it will easily be seen that by the successive 
contraction of the five comminator muscles a rotating movement 
of the teeth would be produced which would cause them to exert 
an action something like that of an auger ; by their simultaneous 
contraction the teeth are brought to a point. (4) The internal 
and external rotula muscles : these are small muscles which 
connect the outer side of the epiphysis with the rotula. There 
are two facets on the epiphysis, which permit it to rock to 
and fro on the rotula under the action of these muscles. This 
rocking action must greatly increase the cutting power of the 


XVIII 


ECHINUS — ARISTOTLE’S LANTERN 


527 


tooth. These muscles are controlled by the nerve-ring and the 
incipient portions of the radial nerves, which, as we have seen, 
have an inner layer of nerve-cells. If the nerve-ring be gently 
stimulated on one side the upper end of the lantern bends away 
from the spot, causing the lower end, i.e. the teeth, to move 
towards it ; but a stronger stimulation produces the opposite 
effect, just as is the case with spines. But besides these 
masticatory muscles there are others which have nothing to do 
with moving the teeth. These muscles are attached to the rods 
called radii or compasses (Fig. 234, 2), 1 which lie in the upper wall 
of the lan tern -coelom, and may be termed the compass muscles. 
There are two sets : — (1) The elevator muscles (Fig. 234, 3 ), which 
connect the inner ends of the compasses with one another. 
When these contract, the radii tend to bend upwards at the inner 
ends and thus raise the roof of the coelom. (2) The depressor 
muscles (Fig. 234, 4 ), which run downwards from the forked outer 
ends of the compasses to the auriculae. Uexkiill 2 has shown 
that the function of these muscles and of the rods to which they 
are attached is respiratory. These muscles are also controlled by 
the nerve-ring. If this be stimulated by passing a pin-head 
into the oesophagus, the roof of the lantern cavity is raised by 
the contraction of the elevator muscles. This is followed by 
contraction of the depressor muscles lowering it ; the same result 
may be brought about by placing the animal in water with excess 
of carbonic acid. The ten branched gills described on p. 514 are 
outgrowths of the lantern-coelom. When the roof of this cavity 
is depressed the fluid contents are driven out into the gills, 
which are thus expanded and then absorb oxygen from the 
surrounding sea water. When, on the other hand, the roof is 
raised the aerated water is sucked back into the lantern cavity, 
and the oxygen passes easily through the thin walls of the lantern 
into the fluid filling the main coelomic cavity. There are thus 
two independent respiratory mechanisms in the Sea-urchin, the 
one being the compass muscles, the other the cilia lining the 
interior of the tube-feet. 

The function of excretion is performed, as in Asteroidea, by 

1 We prefer the term “compasses,” to avoid confusion with the other meanings 
of the word “radius.” 

Ueber die function der Polischen Blasen am Kauapparat der reguliiren 
Seeigel,” Milth. Zool. Stat. Neapcl , xii. 1897, p. 4C4. 
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the amoebocytes floating in the general eoelomic cavity. These 

in part escape through the thin bases of the gills. In other 

parts of the body they seem not to succeed in reaching the 

exterior at all, but to degenerate and to form masses of pigment; 

the colour of the animal is largely due to these excrementitious 
substances. 

The reproductive system, as in the two preceding orders, 
consists of a vertical pillar, the “ genital stolon,” and a circular 
genital rachis giving off interradial branches from which the 
genital organs bud. The genital stolon is developed from the wall 
of the general coelom near the upper end of the axial sinus ; it 
attains a great development and ultimately completely surrounds 
the axial sinus, which then appears like the cavity of a glandular 
tube, the walls of which are constituted by the genital stolon. 
The compound structure consisting of stolon and axial sinus was 
actually described as a nephridium by the Sarasins 1 in the case 
of Asthenosoma. Its true nature, however, is shown when the 
upper end is examined ; it is then seen to open into the stone- 
canal and to be in communication with the ampulla, into which 
the pore-canals open. Lying alongside the upper end of the 
axial sinus is the somewhat elongated “ madreporic vesicle,” or 
right hydrocoele, which was described by Sarasin as the accessory 
kidney ( Nebenniere ), since like the axial sinus it is partly 
enveloped by the genital stolon. Leipoldt, 2 however, showed 
clearly that it is a completely closed space. 

The genital rachis springs from the upper end of the stolon, 
and as in Asteroids, it lies in the outer wall of a space called the 
“ aboral sinus ” (Fig. 234, 20 ) intervening between it and the test. 

In adult specimens it seems to degenerate. The genital organs 
are situated at the ends of five interradial branches of the rachis 
(Fig. 23l t gon). Each is an immense tree-like structure consisting 
of branching tubes, which are lined by the sexual cella So 
enormous do they become in the breeding season that they form 
an article of food among fishermen. The term esculentus is 
derived from this circumstance. Other species are regularly sold 
for food as Frutta di Mare (Fruit of the Sea) at Naples, and 

1 Ergebnisse naturwisaenseha/llicher Forschungen auf Ceylon , 188 7-1888, Bd. i. 

Heft 3, pp. 105 et seq. 

2 “ Das angebliche Ezcretionsorgan der Seeigel,” Zeitsehr. iciss. Zool. lv. 1893, 
p. 586. 
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as “sea eggs” in the West Indian Islands. One female 

Eelnnus esculentus will produce 20,000,000 eggs in a season. 

r l he so-called blood system is more distinctly developed in 

Echinoidea than in Asteroidea and Ophiuroidea. There is an oral 

ring of lymphoid tissue surrounding the oesophagus below the 

water-vascular ring. From this are given off two strands, the 

so-called “dorsal” (Fig. 231, b.v), and “ventral” vessels (Fm. 

234, 16 ), which run along the two opposite sides of the stomach 

or first coil of the alimentary canal. The position of these 

strands suggests that like the lacteals of the human intestine 

they are channels along which the products of digestion exude 

from the stomach. The dorsal strand is situated on the same 

side as the genital stolon, and from it branches are given off 

which ramify on the surface of the stolon, on account of which 

1 11 s organ, as in Asteroidea, was at one time regarded as a “heart ” 

but the distinction of the stolon from the strands is easily made 

out An uboral ring enclosing the genital rachis lies embedded 

in the septum dividing the aboral sinus (Fig. 234, 20 ) from the 
general coelom. 


Classification of Echinoidea. 

1 T i! ie , E " hi T dea are shar P^ divide d into three main orders 
which differ from each other profoundly in their habits and 

IT r Ure r T r are: ^ The Endocyc uca or Regular 

11,6 species just described may be taken as the 

type. 2) The Ci.ypeastroidea or Cake-urchins, which are of 

fiom th^ ri n ’ , and in Which the P eri P™t is shifted 

nenLl nlT it ? ° ^ * iS " 0 lon ° er «^rounded by the 
genital plates, while some of the tube-feet of the dorsal surface 

Heart? 1 ! “ " t0 , T* ^ ^ (3) Tlle S >“™ooi„ea or 
Heart-urchins, 111 which the outline is oval: the periproet is 

s nfted as in the Cake-urchins, and the dorsal tube-feet are 

11111 ai y modified; but the Heart-urchins have totally lost 

This? 6 S aUtern | ’ T’ lilst the Cake-urchins have Zd R 
This strongly-marked cleavage of the group was primarily due as 

melerToahT? 0 habits * diff *™t 

finely true, tor secondary invasions of the other’s territory on 

2 M 
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the part of each order have undoubtedly taken place ; but still the 
statement would remain roughly true, and would give a fair idea 
of the differences in habitat which have led to the differentia- 
tion of the group. 

Order I. Endocyclica (Regular Urchins ) 

The principal variations concern (1) the peristome, (2) the 
periproct, (3) the corona, (4) Aristotle’s lantern and its 
appendages, (5) the spines, (6) the pedicellariae, and lastly, (7) 
the tube-feet. We shall consider these points in order. 

Peristome. — In the vast majority of species this region is 
covered only with flexible skin in which ten small plates are 
embedded, pierced by pores for the buccal tube-feet; besides 
these there are irregularly arranged thin plates. In the 
Cidaridae both the ambulacral and the interambulacral series 
of plates are continued on it ; these plates differ from those 
of the corona in being movable on one another. In Echino- 
thuriidae only the ambulacral series of plates is continued on to 
the peristome. In the case of both these families there are a 
considerable number of tube-feet within the region of the peri- 
stome which may be classed as buccal. 

Periproct. — This area, which represents the whole dorsal 
surface of Asteroidea, is very large in the Cidaridae, where, as 
in Echinus, it is covered with leathery skin in which small 
plates are embedded. In the Saleniidae it is covered with a 
single large sur-anal plate, in the edge of which the anus is 
excavated ; in the Arbaciidae it is covered with four valve-like 
plates; whilst in the remaining species its condition is similar 

to that described in the case of Echinus esculentus. 

Corona. — In Echinothuriidae all the plates are separated by 
slips of membranous skin, so that the test is flexible. In al 
other families it is an unyielding cuirass. In the Cidaridae the 
pore -plates remain separate throughout life, and are therefore 
identical with the " ambulacral plates. These are small an 
placed in two vertical rows, and so the ambulacra art 
exceedingly narrow. In Echinothuriidae there is some tendency 
to adhesion amongst the pore-plates ; these are of different sizes, 
and usually one larger and one smaller adhere to one another. 

In all other species regular ambulacral plates are formed at least 
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m the lower part of the radii near the peristome by the adhesion 
of the pore-plates in groups of two, three, or more. Sometimes 
as many as nine pore-plates may thus adhere. 

hen adhesion takes place between the pore-plates it is of 
course preceded by crowding, and this interferes with their 
equal development. Some which extend so far horizontally as to 
meet their fellows of the opposite side of the radius are called 
primary plates ; others which are small and wedged in between 
the larger ones are called demi-plates. Systems of classification 
have been built up (chiefly by palaeontologists) in which great 
stress has been laid on how the primaries and secondaries enter 
into the constitution of the compound plate, but it does not seem 
to the present author as if this weie at all a satisfactory basis 
for classification. All the pore-plates are primarily equivalent 
and the question as to which are interfered with in their growth' 
so as to become secondary is trivial. The so-called Arbacioid 
type consists of one primary with a secondary on each side ; the 
1 ladeniatoid type of three primaries, with occasionally a secondary 
between the aboral and the middle primary; and finally the 

ripleehmoid type of two primaries, with one or more secondaries 
between them. 


Aristotle’s Lantern.— Under this head we may consider the 

auriculae and gills as well as the jaws and teeth. In Cidaridae 
external gills appear to be absent, but from the lantern coelom 

cX t! P ° UChe i F ° jeCt UpWards int0 «'* general coelom 
cavity These pouches are supposed to he respiratory, and are 

termed internal gills or Stewart’s organs . 1 They co-exist with 

external gills in Echinothuriidae am in Diadema.tidie, though in 

the last family they are present onlj in a vestigial form two 

being found 1.1 each radius. The auricular arch both* in Cidaridae 

and in Arbamdae is composed of two pillars which do not meet 

but „i the last-named family they are based, as in Eebinid-,e’ 

frise ,a om° n the ie a t mbUl r, al ^ Whereas in Ci ^idae they’ 

a. se fiom the mterambulacml plates (the ambulacral plates 
being hero very narrow). The epiphyses are absent in Cidaridae 
and Arbacndae, and are imperfect in Diadematidae 

Spines. These organs are extraordinarily variable, and 


J 22 “ n bed , ‘t e h ,ante , ra r elom inl ° - 

,,ut “ sensitivc t0 want of °w> « the oZV«iitaSttn I T i.T)! id “ are 
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usually differ very much in species of the same genus. In the 
vast majority of species there is a limited number of long spines 
called “ primaries,” amongst the bases of which a large number 
of much shorter “ secondaries ” are distributed. In Cidaridae 
the primaries are very long and thick and blunt at the ends, and 
the secondaries form small circles around their bases. The 
primaries in Cidaridae and the tips of the primaries in 
Arbaciidae and Eehinothuriidae are covered with a special 
investment of extremely close, hard, calcareous matter very 
different from the loosely fenestrated material out of which 
the bodies of the spines of all species are composed. In 
Colobocentrotus and Heterocentrotus the primal ies are very thick 
and triangular in section, whilst the secondaries on the aboral 
surface have expanded outer ends, which form a close-set pave- 
ment protecting the ectoderm from the shocks of the breakers. 
In Eehinothuriidae the primaries are short and so delicate as to 
be termed silky. 

Pedicellariae. — In Cidaridae only gemmiform and tridactyle 
pedicellariae are found. In the gemmiform the glands lie 
inside the grooved blades instead of outside as normally, and 
they are covered internally by ingrowths of calcareous matter 
from the edges. In Eehinothuriidae only tridactyle and trifoliate 
are found in most species, but rudimentary gemmiform are found 
in one species and well-developed ophicephalous in another. I n 
some species ( Centrostephanus longispinosus) there are found 
gemmiform pedicellariae which have lost the jaws but retained 
the glands. These are termed “ globi ferae.” Mortensen 1 uses 
minute details in the structure of the pedicellariae to discriminate 
species and even genera, but in this the present author is not 
prepared to follow him. 

Tube-feet. — The tube-feet belonging to the aboral surface are 
pointed and devoid of a sucker in Diadematidae, Eehinothuriidae, 
Arbaciidae, and Cidaridae ; 2 in the last-named family those 
belonging to the oral surface have suckers, in the centre o 

which a pointed (sensory) prominence is to be noted. 

The classification of the Endocyclica is by no means in a 
satisfactory condition, and different authorities have arrived at 

1 Danish Ingulf Expedition , “Echinoidea,” ]»t. i. 1903. , . . . 

7 Prouho, “ Rccherches sur le Dor ocular is pfi/rillfita et »]ue1<|iics autres Kc ,1,,,r 
dc la Mi'diteiTance,” Arch. Zuul. Exp. (2) v. 1887, ]». 308. 
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widely different results. Agassiz, 1 for instance, places the genera 
Echinus (the common British form) and Strongylocentrotus (the 
commonest American form) in different families. Bell, 2 on the 
other hand, considers them to be closely allied. Bell’s system, 
based as it is on the development of the peristome, seems to the 
present author the most justifiable, for the peristome is un- 
doubtedly a differentiation of the corona, which lias been 
brought about by the manner in which the animal breathes 
and masticates, two functions of prime importance. The 
periproct is also of importance, representing as it does the 



Fig. 235. — Oral view of 
dried and cleaned test 
of Cidaris. p, Pores 
for tube-feet arranged 
in single series ; per, 
peristome with both 
ambulacral and inter- 
ambulacral plates ; t , 
tubercle of a large 
interambulacral spine. 


whole aboral surface of the Starfish, and so are to a less 

extent the* arrangements of the spines and of the tube -feet. 

Proceeding in this way, living Endocyclica can be divided into 

six families, which are briefly described below. 

Fam. 1. Cidaridae. — Endocyclica with a large peristome 

and a large periproct. The peristome is covered with a regular 

series of both ambulacral and interambulacral plates, the former 

pierced by tube-feet. No special buccal tube-feet and no external 

gills. The periproct is large, and is covered with irregular 

plates (tig. 236 A). The lantern coelom is provided with large 
Stewart s organs. 


1 “ He vision of the Echini,” Illustrated Catalogue of Museum of Comp. Zool. 
Harvard , No. 7, 1874, p. 423. 

British Museum Catalogue, “ British Eclii nod enus,” 1892, p. 30. 





534 


ECIIINODERMATA — EC I FI NOIDEA 


CHAP. 


1 he auriculae are incomplete and consist only of pillars 
arising from the interambulacral plates. The ambulacral pore- 
plates remain disunited, and the pores are arranged in a single 
vertical series ; hence the ambulacra are very narrow. The inter- 
ambulacral plates each bear one large primary spine surrounded 
by several circles of secondaries. No ophicephalous or trifoliate 
pedicellariae are to be found, and the gland of the gemmiform 
pedicel laria is placed inside the concavity of the blade. 

The Cidaridae are in many respects the most primitive of the 
six families living. They are distributed all over the world, and 
chiefly inhabit deep water. No two naturalists agree as to how 
they are to be divided into genera. Mortensen, 1 who takes the 



structure of the pedicellariae as his principal guide, recognises 
fourteen genera. Others (as for instance Bell) have been 
inclined to attribute nearly all the living species to one 
polymorphic genus, Cidaris , finding all attempts to divide 
the genera from one another frustrated by the discovery 
of transitional forms. Goniocidaris (Fig. 237), however, dis- 
tinguished by its comparatively broad poriferous zones, by 
bare places in the middle line of both radii and interradii, and 
by deep pits on the lines of suture of the plates, is by general 
consent distinct. This genus is confined to the Eastern Pacific, 
but from British waters three species of Cidaris have been 
recorded, only one of which, C . ( Dorocidaris ) jmpillata, is at all 
common. It is found in water from 100 to 500 fathoms in depth 


1 Loc. eit. 
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oil* the western coast of Ireland and Scotland. It also occurs in 
the Mediterranean, and has been carefully examined and described 
when living by Prouho . 1 From his description it appears that 
locomotion is effected almost entirely by spines, and that the 
tube-feet of the lower parts of the radii have each in the centre 
of the disc a pointed sense-organ like those in the centre of the 
first tube-feet of the just metamorphosed Echinus , whilst those 
of the aboral surface have no suckers. 



Fio. 237 . — Gontocidaris canaliculate, x 2. (From Wyville Thomson.) 


Fam. 2. Echinothuriidae. — Endocyclica with a large peri- 
stome and comparatively small periproct. The peristome has a 
regular series of ambulacral plates bearing pores for tube-feet, 
but no interambulacral plates. No specially modified buccal 
tube-feet, but external gills are present, and internal gills 
(Stewart’s organs) also occur. The periproct is covered with 
numerous small plates. All the plates of the corona are 
separated by thin slips of flexible body wall. Numerous com- 
paratively short primary spines on both ambulacral and inter- 
ambulacral plates ; these spines are covered on^the tips with a 
layer of hard dense material. 


1 Loc. cit. 
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This remarkable family is divided by Mortensen into ten 

~’t T Se 1 aS , USUal f 0n the P^ellariae, but taking into 
account also the shape of the tip of hard material on the Lines. 


i r ‘ tuaucuai uu me spines. 

Most authors refer the majority of the species to two genera, 

‘ r rmosom f amI Asthenosorna (Fig. 238), recognising also a genus 

; , 01 ° ne . or two aberrant speciea Asthenosorna is dis- 

tingmslied by having wide interspaces of membrane between the 



Fio. 238.— Oral view of Aathtnosoma hystrir. x §. (From Wyville Thomson.) 

plates, and by having ten longitudinal folds of the body-wall, two 
in each radius, in which powerful longitudinal muscles are de- 
veloped projecting inwards in the radii. The organs of Stewart 
are very large. In Phormosoma , on the contrary, the interspaces 
of membrane are very narrow, and the longitudinal folds are 
thin and membranous and the organs of Stewart are vestigial. 
Asthenosorna injstrix and Phormosoma placenta have both been 
dredged in deep water off the Irish coast. A. urens, in which 
there are ectodermic poison - sacs at the bases of the spines, 
inhabits the Indian Ocean near Ceylon, and was thoroughly 
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described by the Sarasins , 1 * who regarded its structure as a proof 
that Echinoidea were derived from Holothuroidea. Both palae- 
ontology and embryology have, however, yielded strong evidence 
that Echinoidea were derived from Asteroidea, and hence there 
is ground for believing that Holothuroidea are descended from 
primitive Echinoidea and not vice versa. The Echinothuriidae 
may perhaps be regarded as showing the first steps in the 
change, and though possibly not closely related to the actual 


amb. 



I*io. 239. View of peristome of Asthenosoma hystrix. amb , Ambulacral plates on the 

lower edge of the corona; inter , lower plates of the interambulacral area. (From 
Wyville Thomson.) 


ancestors of tli^ Holothuroidea, they at any rate show parallel 
modifications. 

Fam. 3. Saleniidae. — Endocyclica with a large peristome 
and periproct. The peristome is covered with thin, scattered, 
irregular plates. There are five pairs of special buccal tube-feet, 
each supported by a special plate, and there are external gills. 

• The periproct is excavated in the side of a large central pentagonal 
plate. It is covered with fifteen or twenty plates . 3 The ambulacral 
plates are separate as in the Cidaridae, but occasionally adhere in 
pairs near the peristome. The interambulacral plates also, as in 
i aridae, each bear one large primary spine surrounded by a 


1 Reference on p. 528 n. 

1 ^ t ? l,IS accou,,t of tlie periproct is different from that ordinarily given. It is 

asu on tie most recent examination of this family — Agassiz, “ Panamic Deep* 
« e a Echini,' Mem. Mus. CWy. Zool. xxxi. 1904, p. 36. 
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circle of secondaries. A few deep-water forms belong to this 
family, the type genus Salenut (Fig. 240) being the best known. 

None occur in the British area. Super- 
ficially they resemble the Cidaridae, but 
in reality they are widely separated by 
the essentially modern character of the 
peristome. 

Fam. 4. Arbaciidae. — Endocyclica 
with a peristome on which, as in Sale- 
niidae, there are only ten prominent 
plates perforated by the buccal tube-feet, 

and besidos tl,ese thin irre o ular P Iates ; 

showing periproct covered external gills are present, and the auricles 

by one large plate. x 4 • , c . . . . 

(From Wyvilie Thomson.)’ cons,st ot incomplete arches springing 

from the anil mineral plates. The peri- 
proct is covered by four valve-like plates. The ambulacra! pore- 
plates are separate near the periproct, but near the peristome unite 
°n the “ Arhacioid ” pattern (r. p. 531) to form secondary plates. 

! he interambulacral plates each carry several spines. No repre- 
sentatives of this remarkable familv are known in British waters, 
hut Arhctcia is found both on the east coast of North America and 
in the Mediterranean. It is distinguished by its conical test. 
All the upper tube-feet are devoid of a sucker ; only those on the 
oral surface are used for locomotion. 

Uexkiill has studied the Mediterranean species, and has 
shown that the spines converge no matter how strong the 
stimulus may be, and so are incapable of aiding in locomotion; 
also that the ectodeim is devoid of filiation, and hence the faecal 
matter which falls on the surface of the animal is not, as in 
other genera, allowed to fall off by the divergence of the spines 
nor swept ofF by the action of the cilia. In its natural habitat 
the wash of the ripples on the shore cleanses the animal. In 
captivity it is liable to suffocate itself. 

Fam. 5. Diadematidae. — Endocyclica with a peristome 
similar to that of the Arbaciidae and the Saleniidae. External 
gills present and ten buccal tube-feet. Periproct small, covered 
with numerous small plates. The auricles form complete arches 
arising from the ambulacral region. Aristotle's lantern is pro- 
vided with rudimentary Stewarts organs. The ambulacral 
pore-plates are separated at the apex, but unite orally ,n 
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“ Diadematoid ” fashion (p. 531) to form compound plates. The 
interambulacral plates hear numerous primaries. The aboral 
tube-feet are pointed, having lost their suckers. 

This family is represented (according to Agassiz) at the 
present day by seven genera, none of which are found in British 
waters, though one ( Centrostephanus ) enters the Mediterranean. 
C. longispinus 1 was investigated by Ilexkull and found to be 
distinguished by its sensitiveness to light and shade, and by the 
quickness of its movements, which were mainly carried out by 
its long spines. The family resembles the Arbaciidae in the 
pointed aboral tube-feet, but in the complete auriculae it resembles 
the next family. 


Fam. 6. Echinidae. — Eudocyclica with peristome and peri- 
proct as in the preceding family. External gills and buccal 
tube-feet present, but Stewart’s organs totally absent. Ambu- 
lacra! plates combined on the “ Triplechinoid ” plan (p. 531) to 
lorni secondary plates. Interambulacral plates with numerous 
tubercles. All the tube-feet have suckers. 

This family contains by far the larger number of living genera. 
It is divided into two sub-families, viz. : — 

(a) Temnopleurinae. — Echinidae in which the plates of the 

corona dovetail into each other by means of pits and knobs 
along the line of suture. This sub-family does not occur in 
British waters ; almost all the species are confined to the Indian 
and Pacific Oceans, but on the east coast of America it is repre- 
sented by several genera, which however inhabit deep water, e.g. 
Trigonocidaris arbacina. 

(b) Echininae. — Echinidae in which the plates meet each 
other in straight, simple sutures. 


T his sub-family is represented in British waters by three 
genera, viz. Lchinus , Spinier echinus, and Strongylocentrotus. 
Lchinus is distinguished by having its pores arranged in arcs of 
three, owing to the fact that its pore-plates are united in threes 
to form secondary plates, whilst in the other two genera the 
ambulacral plates are composed of four or more pore-plates. Six 
species of Echinus have been recorded from British waters, viz. 
A. esculent us, E. acutus , E. mi/iaris, E. iwrvegicus, E. microstoma, 
ami E. elegaus. The validity of the last three is very doubtful. 


1 “ Der SchiiUcii jiIs Keiz fur 
sxxiv. US9G, p. 319. 


CnUrtisfcji/iamis 


luiujispinus," Zcitschr. fur Biol. 
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Morten sen regards E. norvegicus and E. microstoma as mere 
variations of E. acutus, and this is probably correct. E. esculentus 
has already been described ; its most marked character is the 
forest of comparatively short, close-packed, reddish or white 
primary spines with which is covered, between the bases of 
which the delicate secondaries are hard to detect. It is essen- 
tially a shallow- water species. E. acutus is distinguished by 
having much fewer and longer primaries and numerous delicate 
secondaries. It is an inhabitant of deeper water, being abundant 
at 100 fathoms, though stragglers are found in shallower water. 

t the depths at which it lives wave-disturbance can scarcely be 
felt, and hence the long primaries are not irritated. 

E. elegans has spines intermediate in character between those 
of E. esculentus and those of E. acutus. Like the latter it is an 
inhabitant of the deeper water. It seems to the present author 
not at all improbable that further research might show that 
E. acutus , E. elegans , and E. esculentus are all members of con- 
tinuous seiies of forms; certainly the larvae and early develop- 
ment of L. acutus and E. esculentus , the extreme members of the 
series, are strikingly similar 

E- miliaris differs somewhat widely from the other species 
and is closely allied to E. microtuberculatus of the Mediterranean, 
fiorn which it is distinguished mainly by the greater thickness of 
the scattered plates on the peristome of the latter species. From 
the other British species it differs in its much smaller size and 
in the greenish hue of its primary spines, which are short and 
thick and possess purple tips. Its larva is markedly distinct 
from the larva of E. esculentus. E. miliaris is a littoral species, 
and is found in great numbers in some of the Scottish sea-lochs; 
when the tide recedes, under every stone of the gravelly beach 
several specimens will be found. It has a curious habit of 
dreasing itself, i.e. of covering itself with fragments of dead 
shell, sea-weed, etc., which are held in position by the aboral 
tube-feet. This habit aids in concealing the animal, and has 
probably been developed on account of the dangers to which 
E. miliaris is exposed owing to its littoral habit of life. 

Sph aerec h inus differs from Echinus in the structure of the 
ambulacral plates, in which it agrees with Htrongylocentrotus, 
but it is distinguished from this genus by the very deep gill- 

1 Reference on p. 532, note 1. 
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clefts, or indentations of the edge of the corona from which the 
gills are extruded. Its most marked peculiarity, however, as 
shown by both Mortensen and Uexkiill, consists in the highly 
developed character of its gemmiform pedicellariae, on the stalks 
of which are situated glands. When the head with its poison- 
glands is torn off, the secretion of these stalk-glands can envelop an 
enemy with a glutinous secretion, which impedes its movements. 
The blades on a slight mechanical stimulus divaricate very widely 
and become locked in this position, so that the enemy’s body gets 
in well within their reach. The muscles of the poison-glands 
contract, but their ducts are bent by the act of opening, so that 
the secretion cannot escape. The sense-organs have stiff hairs, 
which penetrate the surface of the enemy and cause its juices to 
exude and so stimulate the blades to close, and at the same time 
permit the poison to be expelled. It will be remembered that 
the gemmiform pedicellariae of Echinus open in response to a 
chemical stimulus and close on a mechanical one being super- 
added ; so that their responses are the direct opposite of what 
occurs in Sphaer echinus. S. granularis , a Mediterranean species 
with short red spines, just reaches the Channel Islands. 

Strong ylocentrotus has shallow gill -clefts and gemmiform 
pedicellariae, like those of Echinus , except that they have a 
muscular stalk. In the British area it is represented by two 
species, S. lividus , in which the primary spines are markedly 
longer than the secondaries and are of a brownish purple colour, 
and S. droebachiensis, in which the primaries are little longer 
than the secondaries and are of a greenish brown colour. 
S. lividus occurs abundantly in the Mediterranean, and reaches 
the English Channel and the west coast of Ireland. In the 
last-named locality, where it is exposed to the full sweep of the 
Atlantic, n is said to excavate holes for itself in the limestone 
rocks, about ten inches in depth . 1 S. droebachiensis , which has 
been recorded in the British area, chiefly from the west coast of 
Scotland, is one of the most abundant members of the fauna of 
the east coast ot America. In the Gulf of St. Lawrence and in 
the branches of the Bay of Fundy it is found in thousands, and 

Mr. E. W . L. Holt, Scientific Adviser to the Irish Board of Fisheries, casts doubt 
{in lilt.) on much of this supposed excavation. While disclaiming any novelty in 
t is obsei vation, he ]>oints out that in many cases one side of the cavity is formed 
y calcareous algae, and it seems as if the animal wanders into a crevice, in which 
it is imprisoned by the growth of this plant. 
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is frequently left bare at low tide. It thus takes the place 

A miliar is in the British fauna. An allied if not identical 

species, >S # . purjmratus , is found in Puget Sound on the Pacific 
coast. 

Other interesting genera of the Echininae are Echinometra t 

Lolobocentrotus, and Heterocentrotus. All possess large, thick 

primaries, and all are elliptical in outline. In Ecliinometrci the 

primaries are pointed, and the long axis of the body makes an 

oblique angle with the axis passing through mouth and madre- 

porite. In Colohocentrotns and Heterocentrotus the axis passing 

through mouth and madreporite is the short axis of the ellipse, 

and the primary spines are very thick and triangular in section, 

whilst the expanded ends of the secondaries form a closely set 

armoui between the bases ol these. In Colohocentrotns the test 

is markedly flattened on the under side, and this flattened area 

is fringed with a circle of primaries; but in Heterocentrotus there 

are a few rows of primaries all over the test. These are tropical 

genera and aie found on the outer side of coral reefs, and they 

requiie the cuirass of expanded secondaries to protect them 
against the waves. 


Order II. Clypeastroidea {Cake - urchins ). 

The Cake-urchins ' have only one representative in the 
British area, and this is unsuitable for dissection on account 
of its small size. We shall therefore select as type the “ Sand- 
dollar ” Echinarachnius parma (Figs. 241, 242), which occurs 
abundantly in shallow water on the east coast of North America. 
As its popular name implies, this is an extremely flattened Sea- 
urchin of nearly circular outline, so as to suggest a resemblance 
to the silver dollar of North American currency.. The peristome is 
exceedingly small, and is placed in the centre of the lower surface 
(tig. 241), whilst the periproct is placed on one edge. The out- 
line is not quite circular, for the periproct lies in a slight in- 
entation of the edge ; and this side is broader and of a lesser 
egree of curvature than the opposite one, so that a secondary 
bilateral symmetry is superimposed on the fundamental radial 
symmetry common to all Echinoderms. A line drawn so as to 
pass through the anus and the centre of the disc will divide the 
amma into two similar halves; the periproct of course lies in 
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an interradius and the axis of symmetry passes tl trough the 
centre of one radius. We can thus distinguish an anterior group 
of three radii, or “trivium,” from a posterior pair or “ biviuin.” 
The madreporite lies in the left anterior interradius. The five 
genitals and five oculars surround a dorso-central plate, which 
covers the spot which in Endocyclica is occupied by the periproct. 

mouth 



amb 




Fio. 241. — 


anus. 

Oral view of “Saml-Follar” ( Ju/t / nanuli 11 ins pnrma), with sjtines. 
<niih, Ambulacra! furrow, x 1. 


The whole test is covered with extremely short delicate spines, 
which form a velvety felt-work, and are all of approximately the 
same length , they are ot a brownish purple colour. The spines 
on the dorsal surface are all ciliated, and these cilia cause a 
current of fresh sea-water to flow continually ovei the modified 


tube-feet. 


Pedicel lari ae are scattered amongst the bases of the 
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spines ; they are of the tridactyle, the gemmifonn, and the ophi- 
cephalous types, hut they have only two jaws. 

1 he atnbulacr.il areas on the upper surface of the test can be 
distinguished only by the flattened respiratory tube-feet (Fig. 
242, pod'), which can be seen protruding from between the spines. 
Below these areas are clearly marked, for in the centre of each 


m.p 



Fro. 242.— Aboral view of the “ Sand -dollar ” (Kchinarachnius pnrmu), with its spines. 
m.p, Madreporite ; pod, small tube-foot with sucker; pod', flattened respiratory 
tube-foot. x 1. 


is a well-marked groove proceeding inwards to the peristome. 
This groove receives lateral branches on its course which traverse 
the adjacent interambulacral regions. The purpose of these 
grooves will be explained later. The interambulacral regions do 
not reach the peristome, which is entirely surrounded by the 
ambulacral areas. The arnbulacral and interambulacral areas 
both consist of somewhat large hexagonal plates, except in the 
region of the respiratory tube-feet. Here the pore-plates are not 
united with one another. This region in each radius is termed 
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a “ petal ” (Fig. 243, A,;;), for the respiratory tube-feet are arranged 
in two rows which diverge from their commencement at the 
“ eal y x ” and sightly converge again towards the outer margin 
of the disc, and thus in a dried specimen the two rows of double 
pores outline an area having some resemblance in shape to the 
petal of a flower. Besides these double pores for the larger tube- 
feet there are numerous small single pores for the smaller 
tube-feet ; these are found in all the plates, ambulacral and inter- 
ambulacral, of the dorsal surface, but in the neighbourhood of 
the grooves only on the ventral side. 



-inter. 



Fltl ' removed WWi „ A 1 T,' /'T °( E ' hinnTnchni » s P«™ut after spines have been 

swr n? 


The sphaeridia are only present to the number of one in each 

radius. Bach sphaeridium is enclosed in a pit situated near the 
edge of the peristome. 

A remarkable feature in the skeleton of Echinarachnius 
nch is characteristic in greater or lesser degree of all Clvpeas- 
troidea is the presence of vertical partitions of calcareous matter 

K ,r S T ' ,e C0U ° m llI “ l 8tretchil, S from tl,e «PPer to the lower 
reir.'f ° , TI,eSU arC f0,,,,d l ,riuei pally in the peripheral 

oS ltP V "T, ; , iU ' d there 011,1 be 110 d0 " bt thnt they have 
tiou f “f Ce lukl ' bands trilveisi "g the coelom, for the forma- 

C noi l " t" 8 ^ rUCtUreS 08,1 be followed ste P >*y step in the 

1 1 ea. n the. axis of these trabeculae, or folds of the 

co ( mmc wall, jelly is secreted, and into this the lime-producing 

2 N 
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amoebocytes wander. In Ecliinarachnius these partitions are 
arranged in groups, each group radiating from a common centre. 

The main peculiarities in the structure of Ecliinarachnius are 
comprehensible when the species is viewed from above in its 
normal environment. It is found in comparatively shallow 
water on a sandy bottom, and normally is nearly but not quite 
buried in the sand. It might thus be overturned by the 
force of the waves and currents, and it is protected against this 
fate by its flattened shape. This shape, however, necessitates 
some kind ot support for the upper part of the test, and this is 
provided by the internal partitions. 

In order to view the internal anatomy of the “ Sand-dollar,” it 
is necessary carefully to pick away the dorsal surface of the shell 
piece by piece. In this way the whole course of the alimentary 
canal is exposed ; as in Echinus esculent us it can be seen to issue 
from the upper surface of Aristotle’s lantern. It then bends 
sharply to the left, and makes a complete circle round the edge 
of the disc ; this portion is the stomach, and is considerably in- 
flated and accompanied by a “ siphon.” It then bends sharply 
back on itself, but only goes half way round ; when it reaches the 
posterior interradius it ends in the anus (Fig. 244). 

Aristotle’s lantern is greatly simplified as compared with its 
condition in the Regular Urchins. Both rotulae and compasses 
are absent ; the jaws are sharply bent on themselves, and their 
appearance gives one the impression that they have shared in 
the process of compression which the test as a whole has under- 
gone, and have thus become bent. The teeth are nearly horizon- 
tal, and they actually articulate with the auriculae, which, as 
in Cidaridae, consist of disconnected pillars and spring from 
thje plates of the interradius. Each pillar is fused with the 
adjacent one belonging to the next radius, so that the system 
which in Echinus consists of five radial arches here consists of 
five interradial pillars. Aristotle’s lantern has lost its respira- 
tory function and apparently its masticatory function as well, for 
the teeth are used as spades to shovel into the mouth the sand 
mixed with organic detritus and small organisms on which the 
animal lives. 

The water- vascular system is highly modified. There are 
two sharply marked kinds of tulje-feet — (a) the respiratory tube- 
feet, (6) the locomotor tube-feet. Both kinds are terminated by 
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suckers, lmt the first variety are much larger than the second; 
they possess a flattened lobed base, and are connected with the 
ampulla by a double canal. They issue only from the double 
pores which form the petal. The locomotor tube-feet are small 
and cylindrical ; they are, as already mentioned, scattered over 
the whole upper surface of the test, penetrating both ainbulacral 
and interambulacral plates, but all are connected by transverse 
canals with the radial canals of the water-vascular system. On 
the under surface they are confined to the neighbourhood of 



Fig. 244. — Dissection 
of Echinarachnius 
parma. x 1. The 
oesophagus has 
been cut through 
and moved to one 
side so as to ex- 
pose Aristotle’s 
lantern. The 
aboral part of the 
test has been re- 
in o v e d. g o n, 
Genital organ ; int , 
intestine ; muse, 
transverse muscle 
connecting jaws of 
adjacent inter- 

radii ; reel, rec- 
tum ; siph, siphon ; 
st, stomach. 


the ambulacra! grooves, which have nothing to do witli the 

ambulacra! grooves of an Asteroid, but are due to secondary 

localisations of the tube-feet, which are here also connected in 

each radius with a single radial canal. The appearance of a 

living Echinarachnius covered with a veritable forest of short 
brown tube-feet is very striking . 1 

The condition of the water- vascular system is to be explained 
entirely by the peculiar environment of the animal. The demand 
tor specialised respiratoxy organs is brought about by the habit 
of living half buried in the sand. Under these circumstances 
the stram of supplying the needful oxygen is thrown on the 


1 These statements 
Bay of Fundy in 1900. 


are based on the author’s observations of the animal in the 





548 


ECHINODERMATA — ECHINOIDEA 


CHAP. 


dorsal tube-feet, and they become modified in order to fit them 
for this function. The locomotor tube-feet are very small and 
feeble compared with those of Echinus esculentns, but this is 
comprehensible when it is recollected how little resistance the 
yielding sand would offer to the pull of a powerful tube-foot like 
that of the Regular Urchins, for in order to move the creature 
through the sand a multitude of feeble pulls distributed all over 
its surface is necessary, and the locomotor tube-feet are exactly 
fitted, both as to size and number, for this object. 

The principal points in which Clypeastroidea vary amongst 

themselves are (1) the nature of the internal skeleton, (2) the 
shape, and (3) the spines. 

Internal Skeleton. — In Echinocyamus and its allies this con- 
sists in each interradius of two simple partitions radiating out 
towaids the edge of the disc; in laganum it consists of walls 
parallel to the edge of the disc ; in Clypeaster , of isolated pillars. 

Shape. In Echinocyamus the outline is oval and the test 
comparatively high. In Clypeaster and its allies the outline is 
pentagonal, and the test is swollen up into a blunt elevation in 
the centre. In a large number of genera, however, the test is, as 
in Echinaraehmus , extremely thin and flat, and the outline may 
be variously indented. A first indication of this process is seen 
in Echinarachnius itself, but in Potula the edge is drawn out 
into finger-like processes which are all interradial. In Mellita 
these processes unite with one another distally so as to surround 
spaces called “ lunules,” which appear as perforations of the test. 

The Classification of the Clypeastroidea adopted by Agassiz 
is based chiefly on the degree of development of the internal 
skeleton, and as this is of great physiological importance to the 
animals we shall follow it here; but since it was published the 
remarkable discovery has been made of Pygastrides, a type pre- 
viously known only from fossils. We must therefore recognise 
two sub-orders : — 


Sub-Order L Protoclypeastroidea. 


Anus on dorsal surface near apical j>ole. One species, 
Pygastrides relic tvs, 1 with no “ petals,” from deep water in the 
Caribbean Sea. 


Loven, “On a recent Form of Eehinoconidae,” 
Af. 4, No. 10, 1889. 


Bih. Svevska Afoul. Haiul. xiii. 
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Sub-Order II. Euclypeastroidea. 

Anus on under surface. 

Fam. 1. Fibularidae. — The “petals” are short and imperfect, 

and the internal skeleton consists of two short outwardly- 

directed septa in each interradius. To this family the only 

British Clypeastroid, Echinocyamus pusillus, belongs. This 

animal never exceeds an inch in length, and has° an oval 

outline. It inhabits shallow water, and is often found in the 

same ground as Echinus miliaris, but like all Clypeastroids it 
prefers a sandy bottom. 

Fam. 2. Echinanthidae or Clypeastridae. — “Petals” well 
marked, internal skeleton consisting of isolated pillars The 
largest Cake-urchins belong to this family, which is found 
chiefly in tropical waters. Clypeaster, the great Cake-urchin, 
with a deeply sunken peristome, belongs to this family. 

Fam. 3. Laganidae. — Closely allied to the foregoing, but dis- 
tinguished by the fact that the internal skeleton consists of walls 
parallel to the edge of the test. (Laganum, Arachnoides, Peronella.) 

Fam. 4. Scutellidae. — This family includes about half the 
genera, and is sharply distinguished from all the rest by 
(1) the extremely flattened shape, (2) the indentation of the 
outline in the anal interradius and often elsewhere, (3) the 
branching of ambulacral furrows on the under surface. Ecliin- 
arachmus taken as the type in describing the anatomy of the 
Cake-uixhms, is the best-known genus. Others are Mellita 
with hve perforations in the edge of the test ; and Eotula, with 
the edge produced into a number of finger-like processes. 

Order III. Spatangoidea ( Heart-urchins ). 

As the type we may select Ecliinocardium cordatum, which 
occurs abundantly in the Clyde and on the west coast of Ireland 
ihe animal is found buried in sand at a depth of about 8-10 
niches from the surface. At this depth it lies iu a burrow, the 

, ' \ ° U ( " C1 are ke l )t flom collapsing by the somewhat 
broadened tips to the spines. This burrow communicates with 

the surface by a narrow cylindrical opening similar to the 
opening of the burrows made by the Clams and other bivalves. 

A little. practice, however, enables one to distinguish the burrow 
of the Heart-urchin from these. 
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The animal is about the size of a small potato, and is of light 
stra*Ar colour. Its outline is oval, and the test is about two- 
thirds as high as the shorter diameter. It is thus higher in 
proportion to its width than is the case with any living Cake- 
urchin. The highest point is behind the centre. The narrower 
end of the animal terminates in a vertical edge, in the upper part 
of which is a large periproct covered with a number of 
thin movable plates. The mouth is situated on the under 
surface, considerably nearer the front end of the test than the 

hinder end. It is entirely devoid of jaws or of teeth, and also 
of gills or of a movable peristome. 

Aristotle s lantern has entirely disappeared, leaving as the 
only trace of its former presence a canal with membranous 
walls encircling the mouth, which has the form of a transverse 
slit, the posterior lip projecting considerably forward. 

The ambulacra! areas are easily distinguishable from the 
interambulacral areas by being comparatively bare of spines. 
On the upper surface they are distinctly grooved, the groove 
being especially deep in the case of the anterior one. On the 
lower surface they coalesce round the mouth, shutting out the 
interambulacral regions, and are here perforated by the large 
pores of the buccal tube-feet. Between the two posterior radii 
on the oral surface there is a space with specially arranged spines 
called the plastron or sternum. The interambulacral plates com- 
posing this region are very much lengthened, and interdigitate 
with one another at the sutures. To this lengthening is due 
the apparent forward shift of the mouth. The spines are very 
characteristic, and are very different from any which have as yet 
been described. They are the sole organs of locomotion. The 
primaries are long and curved, with flattened tips, admirably 
adapted to plough through the sand in which the animal lives. 

On the upper surface, mingled with the tube-feet, are a large 
number of small secondary spines. Between the two posterior 
petals there is a hoop-shaped band of very small black spines. 
These spines are ciliated, and draw a current of fresh sea-water 
over the respiratory tube-feet. Beneath the periproct there is 
a similar band called the “ sub-anal faseiole ” ; this probably 

produces a current of water which sweeps away the material 
ejected from the anus. 

The pedicellariae are of the trifoliate and gemmiform varieties. 
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The sphaeridia are situated in open pits, one or two in each, 
situated at the bases of the tube-feet nearest the mouth. 

When the upper part of the test is picked away, the course of 
the alimentary canal is exposed (Fig. 247). It is very similar 
to the alimentary canal of Echinar achnius, except that from the 
first coil a large blind pouch, called the caecum, is given off. 

The water- vascular system shows many characteristic features. 
The tube-feet are confined to two rows in each ambulacrum, the 
scattered smaller feet found in such abundance in Echinar achnius 
being entirely absent. There are four distinct varieties of tube- 
feet in Echinocardium, which are as follows: — (a) The respiratory 
tube-feet of the petals. These have, as in Echinar achnius, broad 


Tig. 245. — Echinocardium cordatum. A, aboral view ; B, oral view, x 1. 

flat bases, but they have lost the sucker. ( b ) The prehensile 
tube-feet of the anterior ambulacrum. These are enormously 
long structures, measuring when expanded several times the 
length of the body. They end in discs, which are frayed out 
into fingers, so as to look like miniature sea-anemones. These 
tube-feet are comparatively few in number and are confined to 
the apical portion of the anterior ambulacrum. (c) The buccal 
tube-feet. These are short, thick, and pointed, and covered with 
a multitude of club-shaped processes. They are found on all 
the ambulacra in the neighbourhood of the mouth. ( <1 ) The 

egenerate tube-feet found in the portions of the ambulacra between 
tie floscelle (see p. 553) and the petals. These are single and 
pointed, few in number, and issue from single pores in the test. 

This extraordinary diversity in the tube-feet is fully explained 
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when the hahits of the animal are known. The function of the 
respiratory tube-feet requires, of course, no special elucidation, 
hut the peculiar anterior ambulacrum was a mystery till the 


feeding habits ot the animal were observed by the late 
Dr. Robertson 1 of Cumbrae. He found that the animal 
protruded the long prehensile tube-feet through the opening 
of the burrow up to the surface of the sand. With their 
finger-like processes they then collected the surface film of the 
sand, which was impregnated with Diatoms and other small 




Fl<;. ‘246. — Interior of test of Ilnnwsfcr 
philijifti, showing the genital organs 
ami their ducts (only three are de- 
veloped in this species). Slightly 
enlarged. (From Wyvilie Thomson.) 


Flo. *247. — Dissection of Echinacardvnn or- 
datum, x 1 . The oral part of the test lifts 
been removed. carr t Ulind pouch of the 
stomach ; yon, genital organ ; int, intes- 
tine ; oe, oesophagus ; reel , rectum ; sij'/i. 
siphon ; st, stomach ; tc.v.r, water-vascular 
ring. 


organisms. When a “handful,” so to speak, of this nutritive 
material has been collected, the loim tube-foot is withdrawn 

o 

down the burrow and passed over the deeply grooved part of the 
ambulacrum to the buccal tube-feet, to which the food is given 
up. These last then push it into the mouth. Only one pre- 
hensile tube-foot is extended at a time. 

The stone-canal is very short and soon opens into the axial 
sinus ; it is widely separated from the pore-canals which traverse 
the inadreporite. Communication between the two is effected by 
the long axial sinus. There are only four genital organs. 

Heart-urchins vary amongst themselves chiefly in the follow- 

Details were given to the author in conversation with Dr. Robertson in 1896. 
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mg points, viz.: — (1) the shape and position of the peristome, 

(2) the characters of the “petals,” and (3) the number and 
position of the fascioles. 

Peristome.— In many genera this is pentagonal and central, 

and in these cases the interradii commence at the peristome with 

a single plate, which is often covered with a thick crowd of small 

spines and is termed a “ bourrelet.” The oral ends of the radii 

also often consist of a crowded series of narrow plates, looking 

something like a “ petal,” and termed a “ phyllode.” The five 

bourrelets and five phyllodes constitute a flower-like figure termed 
a “ floscelle.” 

Ambulacra. — In Ecliinoneus all five are alike and are provided 

with similar tube-feet, which are respiratory but possess suckers. 

ihe ambulacra are not grooved, and the petaloid arrangement of 

the pores is hardly marked ; but in Cassidulus, Povrtalesia, and 

many other genera the five petals are well marked, though they 
are all similar to one another. 

Fascioles.— These structures are often entirely absent ; the 
sub-anal one alone is present in Spatangus. In Eupatagus a 
penpetalous one is added. This surrounds all the “ petals,” and 
las obviously the function of sweeping fresh water over the 
respiratory tube-feet. In Echinocardium, as we have seen, there is 
an “ internal faseiole ” between the two anterior petals which has 
a similar function. In addition, this genus 

possesses an anal faseiole which surrounds 
the anus and sweeps away the faeces. 

Uu* Classification of the Spatangoidea 

i« based mainly on the degree of develop- 
ment of the petals, that is to say, on the 
extent to which the burrowing habit has 
been developed. But weight is also laid 
on the shape of the peristome, the penta- 
gonal form being more primitive. Seven Fl °’ r\ 0UDg « Echinn ’ 

families are recognised, which are as “ Jff ' q 
iollows : — 

Fam. 1. Echinonidae. — “ Petals ” 

lar y marked at all ; peristome in the 

the “ d 

One genus, Ecliinoneus (Fig. 248). 


..amb 



equal 

radii scarcely petaloid. 
amb, Ambulacral area ; 
ff.p, genital pore ; mad] 

madreporite. (After 

Agassiz.) 

Floscelle not 
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Fam. 2. Nucleolidae. — "Petals” distinct; peristome as in 

the foregoing family. No floscelle. Nucleolites , with the anus 

in a furrow. Anoclianus, with a concave apical system serving 
as brood-pouch. 

Fam. 3. Cassidulidae. — “ Petals ” usually distinct ; peristome 
eccentric, but provided with a well-marked floscelle. 

Echinolampas, with the anus on the under surface. 

Aeo/ampcis, with the anus on a projecting papilla. One 
specimen of this genus has been dredged in the British area. 

Ihe three foregoing families probably use their tube-feet to 
walk with, and bury themselves only to a slight extent. They 
are often united as a sub-order, the Asternata, and distinguished 
from all the rest which possess an eccentric mouth and well- 
marked plastron. These families are then grouped together as 
Sternata. They are as follows : — 

Fam. 4. Ananchytidae. 1 — Spatangoidea with elongated apical 
system, ambulacra all similar and not grooved. Petals feebly 



Fro. 219. — Pourtalesia jeffreysi, slightly enlarged. (From Wyville Thomson.) 


marked. Pourtalesia , with bottle-shaped posterior prolongation 

of the test. Platybrissus , with flattened test. 

Fam. 5. Palaeostomatidae. — An aberrant family consisting 
of one genus, Pcdaeostoma. Petals grooved, with a peripetalous 
fasciole, but peristome central and pentagonal. 

Fam. 6. Spatangidae. — Spatangoidea of more or less flattened 
shape, with well-marked petals and a sub-anal plastron as well as 


1 This family includes three families 'discriminated by Meissner (Bronns 
Thier- Reich, vol. ii. Abt. 3, Buch iv. “Die Seeigel,” 1904, p. 402), viz. : Ananchy- 
tidae, I’ourtalesiidae, and Urechinidae. They only differ in the pores for the 
tube-feet, which are paired in the first, slit-like and single in- the second, and 
single in the third. 
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the veil trul one. One fasciole at least, but a peripetalous one 
never present. The anterior ambulacrum grooved and different 
from the rest. This family is represented in British waters by 
two generic Spatangus and Ecliinocardium. The former possesses 
only a sub-anal fasciole, and has specially long curved spines on 
the ventral plastron. It is represented by two species, S. pnr- 
pureus and *S'. raschi , the latter being distinguished by a pointed 
lower lip. It is a deep-water species, found in 100 fathoms and 
over on the west coast. S. purpureus is fairly common in 



Fig. 2 50 . II em i aster philippi. x 2. (From Wyville Thomson.} 


rather shallow water. From observations made on specimens 
kept m confinement it appears to burrow only so far as to leave 
the petals uncovered ; hence there is no need of a peripetalous 
fiisciole. Echmocardium is devoid of the thicker spines on the 
plastron, and has an internal fasciole and a perianal one as well 
as the sub-anal. As already mentioned, it is ' a deep burrower. 

is represented by three species, E. cordatum, E. pennati- 
JMum, and E. Jlavescens. The first, described as the type of the 
> pa angonlea, has a deeply grooved anterior ambulacrum. In 
ne remaining two species this ambulacrum is not grooved. 
■Javcsccns has only six or seven pairs of pores in the posterior 
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Both come from 


ant.amb 


petals, E. pcnnntifidum twelve to fourteen, 
deeper water than JS. cordatum. 

Fam. 7. Brissidae. — Allied to the Spatangidae, but dis- 
tinguished by sunken petals and a peripetalous fasciole. 

Two genera are recorded from the British area, Schizaster 
and Brissopsis , hut the first has only been found once in deep 

water; the second is common. 
Schizaster has the front 
petals three times as long 
as the hind ones, and no 
sub-anal fasciole. Brissopsis 
has the front and hind 
petals of about the same 
length, and a sub - anal 
fasciole. The only British 
species is called B. lyrifera t 
on account of the fiddle- 
shaped outline of the peri- 
petalous fasciole. 

__ r __ Hemiaster (Fig. 250) in 

Fig. 251. — Dried shell of Schizaster, , showing g eneral resembles Schizaster, 

peripetalous fasciole. nnt.amb , Anterior blit the petals are equal ill 
ambulacrum; fuse, peripetalous fasciole: i A , ,, A V . 

U-P, genital pores. x 1. (After Agassiz.) length, and the two posterior 

serve as brood -pouches for 
the young. This genus is mainly Antarctic. 

Fossil Echinoidea. — Echinoidea are well represented in the 

geological record, and form a characteristic element in many 

fossil faunas. They appear in the Ordovician formation, but 

the first representatives of an existing family (Cidaridae) only 
appear in the Permian. 

Space will only permit us to treat of the extinct members of 

the group very briefly. Leaving out of sight the representatives 

of families still living, the fossil Echinoidea may be divided into 
two great groups, viz. : — 

(n) 1 alaeozoic forms, which in some points serve to connect 
the Endocyclica with the primitive Asteroidea 

(J>) Mesozoic forms, which serve to connect the Clypeastroidea 
and Spatangoidca with the Endocyclica. 

The Palaeozoic forms are often called Palaeoeehi noidea, and 
icy are above all distinguished by the fact that the number of 



XVIII 


SPATANGOIDEA 


557 



infer. 


Lamb. 


teeth. 


vertical bands of plates composing the corona is variable, in a 
word, that the corona has not yet acquired a fixed definite con- 
stitution. One genus ( Echinocystites ) has the anus outside the 
apical system. It has four rows of pore-plates in each radius, 
and numerous rows of plates each with a single spine in the 
interradii. Another ( Pulaeodiscus ) has been shown by Sollas 1 to 
be in many respects the missing link between Asteroidea and 

Echinoidea. Inside the plates of the corona there is a series of 
ambulacral plates like those of 

Asteroidea. The tube-feet in the 
oral portion of the radii seem to 
have issued between the (outer) 
ambulacral plates. No anus has 
been detected. All the rest are 
Endocyclic. The oldest known 
form, Bothriocidaris (Fig. 252, 

A), from the Ordovician, has only 
one row of interambulacral plates 
and two of ambulacral ; no peri- 
stome is distinguishable from the 

corona. The Archaeocidaridae 

appear in the Devonian. They 
have narrow ambulacra of two 
rows of pore -plates as in the 
Cidaridae, but the interambu- 
lacra consist of many rows, the 
members of which overlap, and 
therefore were probably slightly 
movable, as in the Echinothu- 

riidae ; the primary tubercles are large, and there is only one 
on each plate. The Melonitidae (Fig. 252, B) appear in the 
Carboniferous. Each interambulacral plate, of which there may 
be five rows in each interradius, bears numerous small tubercles, 
and there may be four or more vertical rows of pore-plates though 
in the genus figured, Palaeoechinus, there are only two. The 
Tiarechinidae are represented by one genus, Tiarechinus, with an 
enormous apical system, from the Triassic of the Tyrol The 
interambulacra consist of one plate bordering the mouth, three, 

m^rTZ EChiD °^ and ° phiuroi ' iea ’'' <2,tar< - Joum - ** *«• 



.?mb 


--inter 


x 1. B, 


I 1 io. 252. — A, Bothriocidaris. „ , . 
Palaeoectiinus. x 1. a mb. Ambulacral 
plates ; inter, interambulacral plates 
(After Zittel.) 1 
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by 8l< e ; tllu iutenadial area of the corona, and one 

Th rrV' 11 1> ilte; l ! 1U il, " 1,ulacm > of two rows of pore-plates. 

the land lo^rr 18 ?"T fed f ° rmS wllich l ,roba % inhabited 
the land-locked seas and salt lagoons of the Triassic epoch. 

to ik I 16 ') We reC ° 1Iect tlmt sonie of the oldest Asteroidea known 
ia very narrow arms and interradial areas edged by large 

imathieT^T S ’ ^ ^ “ 0t require a vel T great effort to 
ia 0 me how these marginals could be converted into the vertical 

rows of the mterambulacra, and the pointed narrow arms 

becoming recurved, could have formed the ambulacra. The 

physiological advantage of this will be discussed in the chapter 
on development. r 

True Cidaridae occur in the Permian, and are abundant in 
all the younger formations. One Cretaceous genus, Tetra- 
cidans, has four rows of interambulacral plates near the mouth, 
t lminis ling to two at the apex. This circumstance renders it 
probable that the Cidaridae are the direct descendants of the 
Aivnaeocidandae. The Saleniidae, Echinothuriidae, and Diadems- 
i ae appeal in the Jurassic, the Echinidae in the Cretaceous, 
and the Arbaciidae only in the Tertiary epoch. 

Turning now to the Mesozoic forms with an excentric anus, 
ie 5 e weie <l 11 umbei ot forms which have been grouped together 
as o ectypoidea w hicli had auricles and teeth and gills, although 
these were only feebly developed, and in which the pore-plates 
remame separate. The periproct was a comparatively large 
area, and in Pijgastcr , as in the surviving form Pygastrides, it 

was in contact with the apical 
system, although outside it. 
Many of the genera were of con- 
siderable height in proportion to 
their length. In Conoclypew and 
Discoidea the jaws and auricles 
were very weak. The Echino- 
conidae have only vestigial aur- 
icles, and on this account are 
often definitely grouped with the 
Spatangoidea, but they are closely 
rp. allied to the Holectypoidea. 

* re , Crefcaceous forrns of high conical* shape ( Galerites ). 
y we y pus (Eig. 253) all trace of the teeth has disappeared. 



Fia. 253 . — Jlyboclypus gib/terulus. x 1. 

a, Anus. (After Zittel.) 
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but the periproct is large and in contact with the apical system ; 
these forms appeared in the Jurassic. The Collyritidae, also 
Jurassic, had a marginal anus. The apical system was so much 
elongated that two of the ocular plates are widely separated 
from the other three, two opposite interambulacra meeting 
between them. Unmistakable Spatangoidea (Spatangidae and 
Ananchytidae) appear in the Cretaceous, true Clypeastroidea 
(. Fibula-rites ) in the Cretaceous, the other families in the Tertiary. 

Reviewing these facts, we see that from the Holectypoidea we 
can pass by insensible steps on the one hand into true Clypeas- 
troidea, and on the other hand into true Spatangoidea. The 
Holectypoidea differed from Endocyclica only in the position of 
the anus, and the initial step in the backward shift of this organ 
is seen in Pygaster. One result follows from this conclusion, 
that the modification of the dorsal tube -feet into breathing 

O 

organs, and the consequent appearance of petals which accom- 
pany the taking on of burrowing habits, were independently 
developed in the Clypeastroidea and Spatangoidea, since these 

features were absent in the more primitive members of both 
groups. 


CHAPTER XIX 


ECIIINODERMATA ( CONTINUED ) : HOLOTHUROIDEA = SEA-CUCUMBERS 

CLASS IV. HOLOTHUKOIDEA 

This class of the Eleutherozoa comprises tliose sausage-shaped, 
leathery Echinodermata familiarly known as Sea -cucumbers. 
They are named Holothuroidea from oXoOovpiov, an animal 
described by Aristotle, and believed to belong to this class. 

The Holothuroidea resemble Echinoidea in the fact that the 
radial canals of the water-vascular system run backwards and 
upwards from the ring -canal over the surface of the body, 
terminating in small papillae near the anus, which, as in the 
Echinoidea Endocyclica, is situated at the upper pole of the 
body. There are, of course, no arms ; and a further resemblance 
to Echinoidea is shown by the fact that the ambulacral grooves 
are represented by closed epineural canals, and that the ecto- 
derm consists of long, slender, flagellated cells interspersed with 
gland-cells, underneath which is a plexus consisting of nerve- 
fibres and small bi-polar ganglion cells. There are, however, no 
spines or pedicellariae ; and Holothuroidea differ not only from 
Echinoidea, but from all other Echinodermata, in the vestigial 
character of their skeleton, which consists merely of isolated 
nodules of calcium carbonate embedded in the skin. The body- 
wall is provided with transverse muscles running across the 
interradii, and also with powerful longitudinal muscles, running 
along the radii, by means of which worm-like contractions are 
carried out. Similar muscles, though much less developed, occur 
in the Echinothuriidae, and must have been present in many 
extinct Echinoidea in which the plates of the corona overlapped ; 
and hence it is exceedingly probable that from some of these 
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early forms, as, for instance, Bothriocidaris, Holothuroidea may 
have been evolved. The muscular body-wall has indeed been 
as important a factor in the evolution and differentiation of the 
Holothuroidea as the muscular arm in that of Ophiuroidea, or 
the movable spine in the case of Echinoidea. 

There are about 520 species of living Holothuroidea, and of 
these about twenty-one have been recorded from British waters. 


One of the best-known of the British 

species is Holothuria nigra (Fig. 254), 

commonly known as the “ Cotton- 

spinner ” ; and this we shall take as 

a type for special description. I The 

animal may attain a length of a foot 

when fully extended, and has a 

diameter of from 3 to 4 inches. It 

is of a very, dark brown colour on 

one Side, which in crawling it 7 keeps 

uppermost, whilst on the lower side 
• % % 

it is of a tawny yellow hue. Three 
of the radii (often termed ‘the “tri- 
vium ”) are situated on the lower 
surface ; two (termed the “ bivium ”) 
on the upper surface. The podia are 
scattered fairly eveiily over the whole 
surface without reference to the radii ; 
below they are regular tube-feet pro- 
vided with suckers, whilst on the 
upper surface they are pointed ten- 


tacles, employed only for sensory 


purposes. 

If the animal be observed alive 
and in its natural surroundings, a 
ring of twenty large tentacles can be 
seen surrounding the mouth. These 
buccal tentacles are in every respect 
comparable with the buccal tube-feet 



Flo. 254 . — Hdothwria niijra. t , 
Buccal tentacle or “ feeler.” 
x 


of Ophiuroidea and Spatangoidea, and, like them, are employed 

m shovelling the muddy substratum on which the animal lies 
into the mouth. 

Ludwig employs the term “ feeler ” for these buccal tentacles, 
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iii order to distinguish them from the pointed podia scattered 
over the bivium. This procedure will be adopted here. In the 
Cotton-spinner the feelers, when extended, show a short smooth 
stem, from the apex of which springs a circle of short branches, 
which are in turn beset with a double row of branchlets, 
themselves branched. Such feelers are said to be shield-shaped. 

A transverse section througli the radius of a Sea-cucumber 
is, in general, like one through the radius of a Sea-urchin ; the 
points of difference to be noted are: (a) In the Sea-cucumber, 
beneath the ectoderm, is a thick dermis with small plates 
scattered in it, instead of the whole dermis being calcified, as is 
the case in the Sea-urchin ; ( b ) the ampulla of each podium is 
connected with the peripheral portion by one canal, not two, as 
in the case of the Sea-urchin ; (c) there is a development of 
coelom ic nervous tissue from the outer side of the perihaemal 
canal ; ( d ) internal to the radial water-vascular canal are to be 
seen cross-sections of two great bands of longitudinal muscles, by 
the contraction of which the body is shortened. Lengthening is 
brought about by the contraction of transverse muscles, which 
are found on the inner side of the body -wall in each inter- 
radius ; the five sets taken together act like circular muscles, 01 
a rubber band, on the incompressible fluid in the body-cavity. 

When, the Sea-cucumber is opened by a cut along the left 
dorsal interradius, the spacious coelom is laid open, and lying m 
it is seen the alimentary canal. This tube is bent on itself, so 
that it lias a form like CD (Fig. 255, B) running backwards to the 
posterior end of the body, then running forwards to near the 
anterior end, before it finally turns to run backwards to the 
anus. By taking cross-sections of the body at different levels, it 
can be shown that the alimentary canal makes a half-turn lound 
the longitudinal axis (Fig. 255, A). It is suspended by bands of 
membrane, termed “ mesenteries,” to the body-wall, and of these 
there are three, the first of which (i.e. the one nearest tu? 
mouth) is attached to the mid-dorsal interradius (!ig. 255, A, M ), 
the next to the left dorsal interradius (M 2 ), and the last to t ie 

right ventral interradius (M 3 ). . . 

The alimentary tube shows four regions, which are distm 

guished as follows: — (l) A short oesophagus with strong )- 
marked longitudinal folds in its walls; this is separated by a 
constriction from ( 2 ) the stomach, a very short region, character 
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ised by its strong musculature. Next follows (3) the intestine, 
a thin-walled tube comprising the middle limb and most of the 
descending and ascending limbs. This finally passes into (4) the 
wide terminal ‘‘rectum,” or “cloaca” which is connected to the 
body- wall by muscular bands which 
traverse the coelom (Fig. 256, 10 ). 

The cells lining the oesophagus 
resemble ectodermal cells ; those 
lining the stomach are nearly all 
gland -cells, and obviously secrete 
the digestive juice. The powerful 
muscles of this portion of the gut 
produce a strong peristalsis which 
thoroughly mixes the juice with 
the food, and in the thin-walled 
intestine absorption of the digested 
material takes place. The extreme 
thinness of the intestinal wall is 
common to many animals (e.g. 

Sipunculus , Yol. II. p. 412) which 
swallow mud and sand for the 
sake of the organic matter which 
they contain. 

The rectum, or cloaca, is one of 
the most characteristic features in 
this and most other Sea-cucumbers. 

In addition to the passing of faeces, 
it is used to pump water in and 

out, and it thus serves as a Fl0 -. 255 -— A, diagrammatic cross-sec* 

breathing organ. I Ins pumping matic longitudinal section. I-V, 
is effected by alternate contrac- 3, the three limbs 

a » .... _ of the alimentary canal ; Jfi-Af », 

lions 01 tne radiating muscles the three mesenteries attaching the 
attaching the cloaca to the body- “Swig 0 ) the botly ' wa11 * ( After 
wall, and of the circular muscles 


Int.2-.' 



Int 3. 


anus 


Which immediately surround it. Two long branched tubes termed 
Respirator/ trees (Fig. 256, 11 ) open into the cloaca, and into 
these the inspired water penetrates. The finer branches of these 
gdls end in rounded thin-walled swellings termed « ampullae » ; 
and when water is forced into these they become tense, and 
a considerable quantity diffuses through their walls, carrying 
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oxygen into the fluid which fills the coelom. If a Sea-cucumber 
be left in a limited quantity of water, it will sometimes direct 
the posterior end upwards until it reaches the surface of the 
liquid, and will pump air into the trees. Besides the trees, 
other much shorter tubes open into the cloaca, termed the 
Cuvierian organs. These tubes are really the modified basal 
branches of the trees. They are unbranched, and their peri- 
toneum consists of cells which secrete a slime which swells up 
enormously on the addition of sea water. When the Cotton- 
spinner is strongly irritated, it contracts all the muscles of the 
body-wall, and these, acting on the incompressible fluid in the 
body-cavity, transmit the pressure to the thin rectum, which 
tears, and allows a portion of the viscera to be forced out. 
The first parts to be rejected are the Cuvierian organs, and 
the cells covering these absorb water, and their contained mucus 
splits up into a tangle of white threads, in which an enemy may 
be completely ensnared. A large lobster has been seen so 
enveloped with this “cotton” as to be completely incapable of 
motion. The origin of the name “ Cotton-spinner ” requires no 
further elucidation. Such self-mutilation, even when it involves 
not only the Cuvierian organs, but the trees and the whole of 
the intestine, is not necessarily fatal. If the animal be left 
alone, it can regenerate the whole of these organs. 

The water-vascular system in its general features resembles 
that of the Echinoidea. We notice as its first striking peculi- 
arity th modification of the stone-canal. This is often multi- 
plied, as in the species ( H . tubulosa ) represented in Fig. 256, 
where there are five ; but whether there is one or many, they do 
not reach the body-wall, but end each in a swelling projecting 
into and bathed by the coelomic fluid. These swellings are 
termed “ internal madreporites.” They are pierced by numerous 
fine ciliated canals, which lead into a space from which the 
stone-canal takes its origin. Both stone-canal and madreporite 
(especially the latter) are stiffened by the deposition of carbonate 
of lime. In the young Holothurian there is a single ciliated 
pore-canal opening to the exterior and leading into a thin-walled 
axial sinus, which, as Bury 1 has shown, is later converted into 
the internal madreporite ; the pore-canal, which represents the 
external madreporite of other Echinoderms, disappearing at the 

1 “The Metamorphosis of Echinoderms,” Quart. J. Mier. Sei. xxxviii. 1896, p. 58. 
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same time. This extraordinary modification is the consequence 
of the habit of forcing water into the respiratory trees. The 
body-cavity is by this means kept tensely filled with fluid, and 
the stone-canal is enabled to draw on it for the supply to the 
water-vascular system, thus rendering the external madreporite 
supererogatory. A large-stalked sac — the Polian vesicle (Fig. 
256, 4 ) — multiplied in many species, hangs down from the 
water-vascular ring and serves as a reservoir of fluid. 

All the podia, including the feelers, have ampullae. In the 
feelers a semicircular valve is situated just where the external 
part passes into its long ampulla. When this valve is expanded, 
the feeler is moved about by the contraction of its muscles, but 
when it is contracted, the contents of the feeler can flow back 
into the ampulla, so that the feeler is reduced to an insignificant 
papilla (as in Fig. 254). The interior of the feeler is ciliated, 
and a current seems to flow up one side and down the other, so 
that this organ, like the dorsal tube-foot of a Cake-urchin or 
Heart-urchin, seems to assist in respiration. 

The nervous system differs from that of Echinoidea in the 
absence of the pigment spot (or so-called eye) on the terminal 
podium of the radial water -vascular canal. Each podium 
receives a so-called nerve — really an extension of the radial 
nerve-cord with its ganglion -cel Is — and this ends in a plate of 
sensory epithelium in the sucker of the tube-foot or tip of the 
tentacle, or of each of its branches in the case of the feeler. 

There is a coelomic nervous system developed from the 
radial perihaemal canals. The perihaemal ring is represented 
in Echinoidea by the lantern coelom, in Holothuroidea in all 
probability by the " buccal sinus,” a space intervening between 
the water-vascular ring and the oesophagus. In the outer wall 
of this are developed ossicles, which constitute the calcareous 
ring found in all 1 Sea-cucumbers (Fig. 257, A and B). In this 
ring (Fig. 257, B) are to be distinguished radial and interradial 
pieces. The former are notched at their upper ends, and in all 
probability represent the auriculae of Echinoidea, as the radial 
nerve-cords pass out over the notches, whilst the interradial 
pieces probably represent a coalesced pair of jaws and their 
included tooth, since these ossicles develop from a single 
rudiment in the larval Echinoid. 

1 Pchignlhuria is said to have no calcifications. 
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The so-called blood system is in its main features similar to 
that of Lchinoidea. It consists of a blood-ring surrounding the 
oesophagus inside the water-vascular ring, and sending branches 
along the stone -canal, and of dorsal and ventral strands accom- 
panying the gut in its course. These are best marked in the 
region of the intestine, where absorp- 
tion principally takes place ; in the . 

wall of the stomach they are repre- 1 / II jr/jlll 7 
sented by a delicate plexus which vy I '^’Vi 
can hardly be traced into connexion B 

with the blood -ring. The dorsal 

“ vessel ” is situated in a fold of WT 

peritoneum projecting from the intes- 
tinal wall ; it gives off branches to 
the intestine, which unite on its yH Kjf 
surface to form a plexus. In the A |j 5f gf 
middle limb of the intestine these t| ttf Jf 
branches are grouped into tufts, and ‘ — 

the fold of peritoneum between 

successive tufts becomes absorbed * FlQ * 257 -~ ' Types of calcareous rings 

1 1 n 1 , ’ ail( l of ossicles. A, calcareous 

through the holes so formed branches ring of PhyUophoms nyosvs, 

of the respiratory tree penetrate so * 2 ; B, calcareous ring of 

. , , , J * * thuna anerascens ; C, ossicle of 

mat the trees cannot be separated Hoiothuria atra ; d, ossicle of 
from the intestihe without tearing ^ 

the dorsal vessel (Fig. 256, 13 ). 

rile genital organs consist of a single group of branched 

tubes situated on the left side of the dorsal mesentery, which 

converge to open into a short genital duct, which leads to a pore 

situated in the nml-dorsal line, a short distance behind the 

feelers. Frorn the common point of origin of the tubes, the 

genital base, as it is called, a worm-shaped genital stolon 1 

extends back along the genital duct towards the body-wall, 
there is no genital rachis. 




— xx, v/aitaicuua 

ring of Phyllophorus rugosvs, 
x 2 ; B, calcareous ring of Hoio- 
thuria cinerascens ; C, ossicle of 
Hoiothuria atra ; D, ossicle of 
// oloth uria/usco-rubra. r, Radial 
piece. (After Ludwig.) 


Classification of Holothuroidea. 

The class is in many points of structure exceedingly variable, 
nany s ri mg variations in important organs occur in allied 

Bih Svenska s ) ngllIar Ci,se ° r Hermaphroditism in Holotlmrids,” 

mn. bvenska Vet. Akad. Hand, xxvii. Af. 4, No. 6, 1901. 
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species, and even in the same species, and hence are probably not 
of physiological importance. We shall therefore confine our 
attention mainly to those differences in structure which are 
correlated with differences in habits, and therefore of systematic 
importance. We shall consider in order (1) the feelers; (2) the 
method of protecting these ; (3) the rest of the water-vascular 
system ; (4) the gills ; and (5) the skeleton. 

Feelers. — These organs have been made the basis of the 
division of the Holothuroidea into orders, and as they are the 
means by which food is obtained, and are thus of first-class 
physiological importance, this procedure is fully justified. Iu 
three orders they have the shield-shaped ends described in the 
case of Holothuria nigra , but in another large order (Dendro- 
chirota) they are much branched, and end in a mass of delicate 
twig3. In another order (Synaptida) they are feather-shaped, 
with two rows only of branches, whilst finally in Molpadiida 
they are simple finger-shaped processes with one or two lateral 
branches. The number of the feelers varies from ten to thirty. 

In the Dendrochirota the entire anterior portion of the body 
can be introverted into the interior, so that in this way the 
crown of feelers can be effectively protected. The retractor 
muscles are modified portions of the longitudinal muscles of 
the body-wall, which traverse the body-cavity, and are inserted 
into the radial pieces of the calcareous ring. Similar muscles 
are found in the genus Moljpadia and in many of the Synaptida. 

In Aspidochirota and Pelagothuria they are totally wanting, and 
here the feelers possess long ampullae which allow of the 
tentacles being individually contracted to very small dimen- 
sions. These ampullae seem to be present in nearly all cases m 
Molpadiida, and in Synaptida, although in the last-named order 
they are very feebly developed, and must be looked on as vestigial. 

In Dendrochirota, owing to the strongly developed retractors, they 
would be useless, and so are absent. 

Water- Vascular System. — In Synaptida the radial canals 
are totally absent in the adult, and the only podia are the 
feelers, which spring directly from the ring-canal. The radial 
canals are present in Pelagothuria , but the feelers are still the 
only podia ; in the Molpadiida there are only five small terminal 
tentacles round the anus in addition to the feelers. In the 
E Iasi pod a all the podia have pointed ends, but the dorsal podia 
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are iew, long, and stiff, and often coalescent in places to form 
grotesque or remarkable appendages. In the remaining forms 
the podia of the trivium have always suckers, whilst those of 
the bivium may or may not be pointed. In Psolus the two 
dorsal radial canals and their podia are totally absent. 

Respiratory Trees.— These are present in Aspidochirota, 
Dendrochirota, and Molpadiida, totally absent in the Synaptida 
and Pelagothuria, and doubtfully represented in a few Elasipoda 
by a single unbranched outgrowth of the gut. 

Skeleton. — This consists, as explained above, of the scat- 
tered deposits in the skin and of the calcareous ring. As 
regards the first, their shape varies immensely, and yet one or 
two principal types characteristic of each of the main divisions can 
be defined. Thus the Synaptida are characterised by wheels, 
with spokes ending in a hub, and by anchors attached to a plate.’ 
The Elasipoda have simple St. Andrew’s crosses, whilst the 
Aspidochirota are mainly characterised by “stools” (Fig 257 C) 
and buckles (Fig. 257 , D). The Dendrochirota have a bewilder- 
ing variety of forms; the most characteristic, however, are 
a right-angled cross and a grating, very similar to the buckles 
of the Aspidochirota, except that in the former there are usually 
four holes placed cross-wise, whilst the buckle has generally two 
parallel rows of three holes. Since these ossicles are the only 
records we possess of the existence of fossil Holothuroidea, they 
have been studied with great care. The calcareous ring varies 
very much. The radials are always five (except in individuals 
where there are more than five radii), but the interradials are 
increased m the Synaptida, and in the other orders are in some 
cases diminished or occasionally suppressed altogether. The 
last is the case in nearly all Elasipoda ; here the radials consist 

side 3 Thp ° nt r 1 . F 16Ce With tw ° diver g in g ^ms at each 

accent interradii, meeting those of the next radj so that inter! 

usuIdwT. 1 ' 1 CaSCS 6ntirely absent The Aspidochirota have 
Tn ti y a lln S consi8fcin g of small squarish ossicles ( Fi <r 257 B) 
h he Molpadiida and Dendrochirota the radials L VolonS 

Sri’? f °r DendrocLuSe 

parte of the inter™! 7 °l 257 ' «» ">»er 

ie mterradiaha being similarly divided. 

»f the Holothuroidea is comparatively easy. 
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All authors recognise six divisions, and the only dispute is as to 
whether they are to be regarded as families or orders. Ludwig 1 
divides the group into two orders, Paractinopoda and Actino- 
poda, but the first includes only those forms which have lost the 
radial canals, and this is only one step farther in a degeneration, 
intermediate stages of which can be traced in the other divisions. 
There is really no ground for placing the Paractinopoda in contrast 
to all the other divisions, and the only alternative is to regard 
the six main divisions as orders, since a class must be divided into 
orders. In the case of only one, however, is a further division 
into families practicable, and therefore each of the others will 
contain a single family. 

Order I. Aspidochirota. . 

Holothuroidea with shield-shaped feelers provided with 
ampullae ; with radial canals and numerous podia and with re- 
spiratory trees. Retractor muscles absent. Nearly a third (158) 
of the species of Holothuroidea belong to this order, but there are 
only six genera, and of these Holothuria includes no less than 
109 species. The Aspidochirota seem for the most part to live 
on somewhat firm ground, the surface of which they are con- 
tinually sweeping with their shield-shaped feelers, which brush 
the adherent organisms into the capacious mouth. Four species 
of Holothuria — viz. H. intestinalis, H tremula, H. aspera, and 
H. nigra are recorded from British waters. The first-named is 
a northern form, distinguished by the fact that all its podia have 
suckers ; it is found in the north of Scotland. H. tremula is 
intermediate in structure between H intestinalis and H. nigra , 
and is found in deep water off our western coasts. H. aspera , 
remarkable for the radiating spines growing out from its ossicles, 
has been recorded only once from deep water. Of the other 
genera it is only necessary to mention Stichopus , remarkable for 
the square outline of its transverse section, and for the restriction 
of the ventral tube-feet to the radii ; there is also a well-marked 
tapering of the anterior end, so that this genus may be said to 
have a neck. Stichopus is almost entirely confined to tropical 
waters, and some of its species, as also species of the ubiquitous 
genus Holotliwria , as well as many other undetermined species, 
constitute the valuable “ Trepang,” which is a delicacy much prized 

1 Bronn’s Thitr-lUich , vol. ii. Abt. 3, Bach i. “Die Seewalzen,” 18*1, VP- Metteq. 
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by fclie Chinese. The Trepang 
the Malay Archipelago. They are cooked 
them, dried in the sun, and boiled 
all the salt is extracted, 
where they are used in 


ight in various parts of 
in sea water to preserve 
in fresh water repeatedly, till 
They are then dried and sent to market, 
making soup. 

Order II. Elasipoda. 

Holothuroidea with shield-shaped feelers, destitute of retractor 
muscles ; a 1 the podia have more or less pointed ends, 1 but there 
is a marked contrast between dorsal and ventral podia, and the 
ventral surface is flattened so as to constitute a creeping sole 
Ao respiratory trees, at most a simple diverticulum of the intes- 
tine , fre.iuei.tly the primitive external madreporite is retained 
and contains several pores. ’ 

A number of spherical sacs containing little spherical calcifi- 

Ca,ri ° ° C) ' StS ? " ,re attaChed t0 the — -g in sonm genera 
T ‘ I 0 rnotamor phosed sphaeridia of Echinoid ancestors ? 

was T 01 ' ° f remarkab,e ordl “ r ^0 be discovered 

ExtieSot W i a T rudgUtl in 1875 b >' the Swedish Arctic 
members°of H 7 ^ T,,deL ’ The “'njority of the known 

ti nn f S ,i .!i ° ldUr WCre discovered '»y the dredging expedi- 
n of H.M.S. “Challenger.” The species composing it 1 are 
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the soft, ooze forming the ocean floor. The ooze forms their food, 
and as their weight must to a certain extent immerse them 
in it, we can understand why the stiff, long dorsal podia have 
been specialised as respiratory organs, since there are no respiratory 
trees. These respiratory podia sometimes undergo extraordinary 
development; thus in Peniagone several very long ones cohere 
to form a huge vertical sail, whilst in Psychropotes one or two 
cohere to form a backwardly projecting tail. On the other 
hand, in llyodaemon (Fig. 258) the dorsal podia are numerous 
and slender. 


Order ! 



Pelagothuriida. 


Holothuroidea with shield-shaped feelers provided with long 
ampullae which project outwards, pushing the skin before them 
so as to form external appendages, connected at the base by a 
web. Calcifications absent. No retractor muscles. No respira- 
tory trees. The external madreporite is retained, but all podia 
other than the feelers have disappeared, although the radial 
canals have been retained. 

This order contains one species, Pelagothuria naians, which is 
the only free-swimming Holothuroid known, the muscular web 
connecting the freely projecting ampullae being the organ of 
locomotion. 


Order IV. Dendrochirota. 

Holothuroidea with long repeatedly branched feelers terminating 
in fine pointed twigs. No feeler-ampullae; but retractor muscles 
are present, which can introvert the anterior end of the body. 
Respiratory trees well developed. This order includes twelve genera 
and over 180 species, and, like the Aspidochirota, is of world- 
wide distribution. So far as can be safely generalised from the 
few species whose habits have been closely observed, it seems that 
this order is adapted to catch swimming prey — it is an order of 
fishers. The long branched tentacles are extended like the lines 
of an angler. Their surface is coated with adhesive slime, and 
before long becomes covered with small organisms which have 
come in contact with it. When a feeler has captured in this 
way a large enough haul, it is turned round and pushed into 
the mouth, which is closed on it. It is then forcibly pulled out, 
during which process the prey is, so to speak, stripped off it. 
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Four genera ( Cueumaria , Thy one, Phyllophorus, and Psoitis) and 
sixteen species have been recorded from British waters. 

Cueumaria is remarkable for being the only genus of Holo- 
thuroidea in which 
the body is penta- 
gonal in cross- 
section. In the 
majority of its 
species the tube- 
feet are confined 
to two rows along 
each radius, but 
in a few there are 
some scattered 
tube-feet in addi- 
tion. There are 
only ten buccal 
tentacles. The 
species figured ( C 
crocea ) is an Ant- 
arctic one which 
carries the young 
on the back. 

Thy one differs in 
being circular in 
cross-section and 
in having the 
tube-feet scattered 
evenly over the 
whole surface. In 
Phyllophorus (Fig. 

2G0) the tent- 
acles are more 
than fifteen, and 
are disposed in two 
circles, an inner 
et smaller and an 


outer of larger tentacles. The other podia are, as in Tlivone 

scattered. 

Psolus is a 


most extraordinary genus. There is a well- 


Fig. 259.— Cueumaria crocea, carrying its young, x 1. (From Wyville Thomson.) 
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marked sole, to which the tube-feet are confined, whilst the 
dorsal radial canals, and consequently all the dorsal tube-feet, are 
absent. The dorsal ossicles are enlarged to form a complete mail 



Fig. 260 . — Phylbphorus uma . x 1. 



B * . - 

Fig. 261 .--Psoitis ephippifer. x 3. A, with feelers retracted and brood-pouch closed ; 
B, with feelers extended and some of the plates of the brood - pouch removed. 
(From Wyville Thomson.) 


of plates, recalling the corona of a Sea-urchin. The two British 
species are small, and found in comparatively deep water, but 
a fine large species is found in the Gulf of *St. Lawrence, and 
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extends into brackish water up the estuary. The species figured 
(1 . ephippifer) is an Antarctic one, which carries the eggs until 
development is complete in a dorsal brood-pouch. 




u ■ r 


m 


Order V. Molpadiida. 

Holothuroidea with simple, finger-shaped feelers, provided 
with ampullae; retractor muscles 
occasionally present; respiratory trees 
present. Besides the feelers, the 
only podia are five minute papillae fjSsgk. 

terminating the radial canals in the 
neighbourhood of the anus. 

This order includes six genera | _ UjlH^ 

and about thirty species. Its pecu- 
lianties seem to be due to the fact I: lu 

that its members are burrowers, liitsfllln 

h'ading a life like an earthworm. 

lienee the absence of the tube- M 

feet, and the small, almost vestigial 

character of the feelers. Trocho- Wg 

stoma (Fig. 262) and Caudina are 

remarkable for the presence of a K 

tail. This appendage is in reality 

only the narrow posterior end of 

the body, and is especially long in 

Caudina ; and observations on a lljF 

species found off the coast of 

Maine, U.S.A., 1 have shown that Fm. 262 .— 7ww™m rioinceum. 
the tail, like the siphon of a Mollusc, * 1- ' lo " th - 

projects up from the burrow to the surface in order to maintain 
the respiratory current of water. 
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Order VI. Synaptida. 

Holothuroidea with short bipinnate (*.r. feather-shaped) feelers, 
provided with only vestigial ampullae, and with well-developed 
retractor muscles. No other podia ; radial canals absent in the 

“ Ud Hi 8 t 0 ’W' anna,,,,” Bull. U„s. Coo,, 
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adult. Respiratory trees absent, and transverse muscles of 
adjacent interradii continuous, so as to form circular muscles. 
Otocysts attached to the nerve-ring as in Elasipoda. 

The members of this remarkable order, like those of the pre- 
ceding one, are burrowers ; but though their feelers are larger, 
the rest of their anatomy has undergone much more profound 

modification than that experi- 
enced by the Molpadiida. 
The loss of the radial canals, 
which must be practically 
function less in Molpadiida, 
is not a great step, but the 
change in the mode of respira- 
tion is a greater modification. 
Respiration appears to be 
effected by diffusion through 
the body- wall, which is always 
comparatively thin. The cir- 
culation of the body -cavity 
fluid is assisted by a number 
of stalked, ciliated cups placed 
on the mesenteries near the 
line of their insertion on the 
body -wall. In dealing with 
Asteroidea it was pointed out 
that the ends of the tube-feet are 
the only places where numer- 
ous sense-hairs are to be found, 
and which, therefore, can be 

Fio. 263. — Synapta digitata. A, animal called sense-organs. 

viewed from the side, x ; B, anterior true generally tmOUgn 
on.i, with tentacles extended, x 2 . Echinodermata. Now in Syn- 

aptida, where the tube - feet are lost, the surface of the 
body has scattered over it little sense-organs consisting o 
hillocks of ectoderm with an aggregation of sense-cells. T ese 
may be regarded as representing the discs of the missing 
tube- feet. One is involuntarily reminded by the ciliate cups 
and scattered sense-organs of the ciliated urns and sense 
organs of the Sipunculidae, which lead a similar life , an 
taking into consideration the general superficial likeness in 
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appearance of the two groups, the epigram is almost justified 
that “ if the Synaptida were not extremely careful they would 
become Gephyrea.” 

This order is represented in British waters by three species 
of the genus Synajpta, which is remarkable for possessing, as 
ossicles, only the peculiar anchors attached to anchor plates. 
The present author has dug up the commonest species ( S in- 
haerens ) from its burrows in the sand at low water in the 
Clyde. These animals seem to seek their food at the surface ; 
the feather-shaped feelers are used to seize small algae and 
zoophytes, of which the food apparently consists. If seized, S. 
inhaerens readily amputates the posterior part of the body, whilst 
the head with its feelers immediately buries itself. The other 
genera of the order (except Anajpta) are characterised by the 
possession of wheels with spokes as their characteristic ossicle, 
as the names Trochodota, Trochoderma , Acanthotroclius bear 
witness. 

The only fossil remains of Holothuroidea consist of isolated 
ossicles — wheels, gratings, anchors, etc. — which first make their 
appearance in the Carboniferous limestone and tell us practically 
nothing of the evolution of the group. From a comparison with 
one another of the living families, certain conclusions can be 
drawn. The Aspidochirote feeler and the method of using it 
recall forcibly the shape and function of the buccal tube-feet of 
Spatangoidea. It is probably safe to assume that it is the primi- 
tive form from which the other forms of feeler have been derived. 
Secondly, the anal respiration and the curious internal madre- 
porite have been developed in correlation with one another, and 
are like nothing found elsewhere among the Eleutherozoa. 
Hence we may with high probability assume a Protoholothuroid 
stock with shield-shaped feelers but devoid of respiratory trees, and 
with an external madreporite. From this stock the Elasipoda 
developed by migrating into deeper water, whilst the Pelago- 
thuriida sprang from the same root by taking to swimming ; the 
Aspidochirota constituting the main line. The Dendrochirota 
were developed from a stock with respiratory trees and internal 
madreporite— in a word, from Aspidochirota. From them 
the Synaptida and the Molpadiida have developed as offshoots 
at different periods through taking to a burrowing life. These 
relationships are shown by the following diagram 
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Protoholothuroidea 


Elasipoda 


Pelagothuriida 


Protaspidochirota 


Aspidochirota 


Protodendrochirota 




ynaptida 

olpadiida 


Deudrocliirota 


CHAPTER XX 

ECHINODERMATA ( CONTINUED ) : PELMATOZOA CRINOIDEA = SEA- 

LILIES TIIECOIDEA CARPOIDEA CYSTOIDEA BLASTOIDEA 

SUB-PHYLUM II. PELMATOZOA 

The Pelmatozoa differ from the Eleutherozoa in several im- 
portant respects. They are fixed (at any rate in the young 
stage) by the centre of the uboral surface, and this portion of the 
body usually takes on the form of a stem supported by a definite 
series of ossicles, so that we can discriminate a “calyx ’’—the 
mam part of the body — from the “ stem.” Further, the podia 
and the ambulacral grooves seem to be always covered with 
powerful cilia, which are employed in producing a current which 
sweeps small organisms to the mouth. The podia are never 
locomotor in function ; their use is similar to that of the ten- 
tacles on the lophophore of Polyzoa and Brachiopoda. 

The living Pelmatozoa are very few in number compared 
with the extinct forms. It may with justice be said that the 
group is nearly extinct; indeed, out of its five classes one 
alone, and that the most highly specialised class, survives till 
the present day. Now we have already seen that, in the 
case of the Eleutherozoa, if the annectant fossil types were 
taken into consideration, the definition of the classes would be 
difficult, so that it is not to be wondered at if the classes of 
the Pelmatozoa are also somewhat difficult to define- and it 
must be added that this difficulty is not only due to the 
fact that intermediate types occasionally occur, but also to 
our ignorance of the functions of many structures found in 
ossil types, speculations regarding which are to be received 
with caution. Bearing in mind, then, the provisional nature 
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of the classification, we may give the diagnoses of the principal 
divisions as follows : — 

Class I. Crinoidea. — Pelmatozoa provided typically with a 
well-marked stem ; calyx consisting of an aboral “ patina ” of two 
or three circles of plates, and a flexible “ tegmen ” or oral surface 
with small plates or none ; radial canals supported by long 
branched arms, which are developed as direct prolongations of 
the uppermost circle of plates in the patina. 

Class II. Thecoidea (Jaekel) = Edrioasteroidea (Bather). 

Pelmatozoa without a stalk, fixed to the substratum by the 
whole aboral surface. The radial canals run out over the oral 
surface in grooves, which are closed by specially modified plates; 
but there are no arms of any kind. 

Class III. Carpoidea (Jaekel). — Pelmatozoa with a well- 
developed stalk. The radial canals and their branches are 
devo d of a skeleton, and either produce no modifications at all 
on the skeleton of the calyx, or at most are supported by short 
horn-like outgrowths of some of its plates. 


Class IV. Cystoidea. — Pelmatozoa which typically possess a 
well developed stalk, a sac-like calyx contracted at the mouth 
and covered with plates, some of which are pierced with pores or 
slits ; the radial canals, though they may for part of their course 
run over the surface in grooves, have their terminal portions 
supported by free unbranched arms (“ fingers ”). 

Class V. Blastoidea. — Pelmatozoa provided with a well- 
developed stalk and ovoid bud-like calyx. From the mouth the 
radial canals run backwards over the calyx, as in Echinoidea, but 
they give rise to numerous lateral branches, which are supported 
by free unbranched arms (“ fingers ”). Special respiratory organs 
occur on the interradial areas in the form of parallel folds called 
“ hydrospires.” 



CLASS I. CEINOIDEA 


This is the only class which has living representatives. There 
are twelve recent genera, of which eight retain the stalk through- 
out life ; the remaining four lose it when adult, retaining only 
a stump, termed the “ centro-dorsal,” covered with fixing organs 
(“cirri”). The stalked forms are confined to considerable depths, 
and can only be obtained by deep dredging, whereas many of the 
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stalkless forms are comparatively common. We shall select as 
type for special description the common Feather-star, Antedon 
rosacea (bifida), which can be dredged in depths of ten fathoms 
off* the south-west coast of England. 

The animal consists of a small flattened calyx, from which 

radiate out ten long delicate arms, each fringed with a double 

series of short branches called “ pinnules” In the centre of the 
aboral surface can be seen 


the centro -dorsal plate 
(big. 265, c), a knob-like 
stump of the broken-off* 
stem, covered with small 
whip - like outgrowths 
called “ cirri,” by means 
of which the animal is 
anchored to the sub- 
stratum (Fig. 265, cir). 
When Antedon is dis- 
turbed it relaxes its hold, 
and swims by graceful 
muscular movements of 
the arms. These are 
arranged in five pairs, 
and the corresponding 
members (right and left) 
of all the pairs are bent 



and relaxed together. On 
coming to rest the animal 
reattaches itself by means 


Flo. 264. Oral view of Antedon rosacea. x 3. 
a, Ann ; a.g , ambulacral groove ; an. anus ; c. 
calyx ; in, mouth p , pinnules. * 

• i 


of the cirri. These are composed of cylindrical ossicles joined 
to one another by muscles, and they can thus act as efficient 
grasping organs. In the centre of the oral surface, .which 
is termed the “ tegmen,” and is soft, flexible, and without 
visible calcifications, is situated the mouth, surrounded by five 
short triangular flaps called “oral valves.” In the intervals 
between these valves, grooves radiate from the mouth which 

, „ 1 1 „ , , „ 1 , . . ,, pair of arms, and are 

continued over their surfaces. These grooves correspond to the 

ambulacral grooves of Asteroidea, and to the epineural canals of 

the other classes of Eleutherozoa. At each side of each groove 
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are to be found a series of podia in the form of delicate finger- 
like processes, which serve only for respiration and for producing 
a current of water, their surfaces, like that of the grooves between 
them, being covered with powerful cilia. The anus is at the 
extremity of a little knob called the anal papilla, situated in one 
of the interradii (Fig. 264, an). 

As in Ophiuroidea, the ectoderm cells have disappeared over 
the whole surface of the body, except the grooves and the podia, 
the only trace of their former existence being a cuticle with 
adherent nuclei. Pedicellariae are unknown in all Pelma- 

tozoa ; and spines have only been described from one fossil 

species of Crinoid. 
Beneath the cuticle 
is the dermis, having 
-ft 3 the composition de- 
scribed in the case 
of Aster ias rubens ; 
this on the aboral 

side of the calyx 

gives rise to the 
“ patina,” consisting 
of plates, in part 
movable on one 
another, in part im- 
movably fused to- 
gether. Those visible 
from the outside are 
(1) the centro-dorsal 
ossicle, from which 
the cirri spring ; (2) 
five columns of ossicles termed radials (Fig. 266, JR 1 , R 2 > > 

each column consists of three radials, extending from the 
centro-dorsal to the origin of a pair of arms. The uppermost 
radial in each column bears two fleets for the articulation of 
these arms. Each arm is supported by a series of “ brachial 
ossicles ” ( Br ). 

It is evident, both from the number of ambulacral grooves 
and of the columns of radials, that Antedon has only five radii, 
and each pair of arms must be regarded as having arisen by the 
bifurcation of a primitive arm. This is proved to be true by 
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a study of the development, and it can further be shown that 
the arms fork repeatedly ; but in these further bifurcations one 
fork remains short, and forms a pinnule, whilst the other con- 
tinues the arm. Thus the arm, instead of being a single axis, 
is really a series of axes — in a word, it is a “ sympodium.” 

If in the case of any bifurcation the two forks were to 
develop equally, the number of arms in that ray would be 
doubled, and this actually happens in the case of other species 
of Antedon. 


Digestive System. — The mouth leads through a short vertical 

oesophagus into an enlarged stomach, which lies horizontally 

curved around the axis of the calyx. The stomach is succeeded 

by a short intestine, which leads into the anal papilla. Both 

oesophagus and stomach are ciliated, and the food consists of 

minute organisms, swept into the mouth by the current produced 

by the cilia covering the ambulacral grooves and podia; the ten 

arms may indeed be compared to a net spread out in the water 
to catch swimming prey. 


J lie water-vascular system consists of a ring closely surround- 
ing the mouth, irom which radial canals are given off which 
underlie the ambulacral grooves and bifurcate with them. 
The podia have no ampullae, but muscular strands traverse 
the cavities of the radial canals, and that of the ring-canal 
and by their action water can be forced into the podia’ 
which are thus extended. Numerous stone-canals hang down 
Irom the ring-canal, and open freely into the coelom; thev 
do not, as in Holothuroidea (where the same arrangement 
occurs , end m_ sievedil^adreporites. The tegmen, i.e. the 

isoWl C r °‘, , the cal >' x ’ ^ Pierced by a number of 
isolated pores lined by ciliated cells, which suck in water. In 

porite In tT I 0 ' 0 ' ! SCemS t0 HaVe bee “ a re « ular lnad - 

P . n the larva of Antedon there is but one pore-canal 
winch, as in most Eleutherozoa, leads into a special^ection of 
coelom, the “ axial sinus.” embedded in the body-wall with 

divisio d W 1 16 S \ ngle stone ' canal communicates ; but later the 

d.r:„d STu?* ”T and the "* » f -.on, b'eab 

independently of eaSTur* ' F “ d S “° ne - <!,nl ‘ ls "■“ipW 

Nervmia t ^ g ‘ 266 ’ m ' p ’ px ’ aud sU )- 

system, as in T Stalked f ° rm the nervous 

E hinoderms, consists of a ring round the 
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mouth, from which radial cords are given off which run under 
the ambulacral grooves (Fig. 266, nerv.rad.v). 

The fibres of this nervous system are, as in Asteroidea, 
immediately beneath the bases of the ectoderm cells. A large 
band of fibres is given off to each podium, which is covered with 
minute elevations, each with pointed sense-hairs in the centre. 
As the animal grows, another nervous system makes its appear- 
ance, which is developed from the coelomic wall, the cells of 


st.c. 


gen. st. 


nerv.rad.v 

w.v.r / gen.coe 


' 9 e ?- r - / suV coe. coel.ce. 



B r .i \ Br - 3 Br * 4 

muse. long- 


centrodorsal 


Fia. 266. — Diagrammatic longitudinal section through one arm and the opposite inter- 
radius of Antedon. ax , Central canal of centro-dorsal, with prolongation of genital 
stolon ; B, rosette, consisting of coalesced basals ; Br l t Br 2 , Br Br 4 , the first four 
brachial ossicles ; chamb , chambered organ ; coel.coe, coelomic canal of arm; gen.coe, 
genital canal of arm ; gen.r, genital rachis ; gen.st , genital stolon ; m.p , madreponc 
pores ; musc.long , longitudinal muscle ; nerv.rad.d , dorsal radial nerve ; nerv.rad.v, 
ventral radial nerve; p.c, pore-canal; pod, podium; R l -R 3 , 1st to 3rd radials ; 
st. c, stone-canal ; sub. coe, sub-tentacular canal of arm ; w.v.r, radial water-vessel. 


certain tracts of which multiply and bud off ganglion cells from 
which the fibres grow out. 

This “ aboral nervous system,” as it is called, has its centre in 
the “chambered organ ” (Fig. 256, chamb), which is embedded in 
the centro-dorsal ossicle, and is roofed over by a plate called the 
“ rosette.” This represents the five coalesced “ basals,” a ring of 
plates which in other forms alternate with the lowest radials, 
and it intervenes between these and the centro-dorsal. The 
chambered organ consists of a ring of five vesicles, which 
have originated as pouches of the aboral coelom (Fig. 266, 
chamb). The walls of these vesicles develop nervous matter; 
from them radiate out five great cords, deeply embedded in the 
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plates of the patina. These cords rapidly fork, and one division 

of each of two adjacent cords enters the lowest radial. In the 

third radial all the cords are connected by a commissure which 

runs completely round the calyx. Each of the cords in the third 

radial forks again, and one branch of each cord enters each of 

the two arms connected with it, and the two branches entering 

an arm coalesce to form a single cord. In the arms, as in the 

calyx, the cords are deeply embedded in the ossicles, but branches 

extend to the ventral surface of the arms and here unite to form 

two longitudinal cords, one on each side of the groove. In the 

tegmen these cords are connected by an outer nerve -ring, 

branches from which join the ectodermal nerve-ring already 
described. 

The researches first of W. R Carpenter 1 and then of Marshall 2 
have pioved that it is the aboral nervous system which really 
controls the movements of the animal. If the chambered organ 
is destroyed by cautery, the whole movements of the animal are 
paralysed ; but it will carry out its characteristic swimming move- 
ments just as well if the whole tegmen with the ambulacral 
nerve-ring and the whole of the alimentary canal are torn away 
The commissure in the third radials co-ordinates the movements 

0 the arms. If it is cut they move independently of one another. 

1 he position of the radial cords inside the ossicles is gradually 
acquired. At first they are gutter-like evaginations of the coelom ; 
by upgrowth of their sides the gutters become canals, and are 

hen surrounded by calcified tissue. The cirri have each a cord 
traversing them which originates from the chambered or^an 

Coelom.— In the young stalked form the coelom consists of 
the water-vascular system (“hydrocoel”), and underlying it 

an oral coelom, separated from an aboral coelom by a horizontal 
mesentery. As the animal grows, this horizontal mesentery 
becomes largely absorbed, and the coelom becomes everywhere 
traversed by cellular cords (trabeculae), which are later calcified. 

Both oral and aboral coelom become, like the hydrocoel bent 
into hoops, and along the axis of the aboral coelom a cord of 
germ-cells is developed, which constitutes the “ genital stolon ” 
The chambered organ is developed from the aboral coelom, and 

' “ Str “ ct " re > ph y s >°logy, and Development of Antedon rosaccus," Phil. Trans 
Roy. Soc. 1806, pp. 671-756. 

3 “On the Nervous System of Antedon rosace ns," Q.J.M.S. xxiv. 1884, p. 507. 
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in the centre of its five chambers a median pocket grows down 
into the centro-dorsal, along the side of which is an extension of 
the genital stolon. In the arms the mesentery separating the 
extensions of the oral and aboral coelom persists ; the oral ex- 
tension consists of two parallel canals called " subtentacular ” 
(Fig. 267, s.c), whilst the aboral space is termed the “ coeliac ” canal 
(Fig. 267 , c.c). In the tip of the pinnule, that is to say at 
the extremity of a ramification of the arm, the coeliac and sub- 
tentacular canals communicate. As portions of the lining of 
both canals are ciliated, a circulation of the coelomic fluid is thus 



rf.r.d 


1 c.c. 



pod 


n.r.v. 


Flo. 267. — Diagrammatic 
transverse section of 
arm of Antedon. To 
compare it with the 
section of an Ophiuroid 
arm it is inverted from 
its natural position. 
br, Brachial ossicle ; 
c.c, coeliac canal ; 
c.p, covering plate ; 
g.c, genital canal ; 
g.r, genital rachis ; 
n.r.d, dorsal nerve- 
cord ; n.r.v , ventral 
nerve-cord ; pod, po- 
dium ; s.c, subtent- 
acular canal \ w.v.r, 
radial water-vessel. 


kept up. The genital stolon gives rise at the level of the 

remnant of the horizontal mesentery in the disc to a circular 
genital rachis, whence cords pass down the arms in the tissue 
separating subtentacular and coeliac canals (Fig. 267, 

Each cord is contained in a special tube, the "genital canal,” 
which is probably developed in the same way as the aboral sinus 
of the Eleutherozoa, i.e. as a special sheltering outgrowth of the 
coelom (Fig. 267, g.c). In the pinnule the rachis swells out into 
a genital organ, from which a short duct is developed when the 
organ is mature. The eggs are large (3 mm. in diameter), and 
adhere for a considerable period of their development to the 
pinnules. 
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The muscles of Antedon are of two kinds. Those of the 
water-vascular system are, as in Eleutherozoa, basal outgrowths 
of the cells forming the walls of the system. The muscles 
moving the joints of the arms appear to be modifications of 
connective-tissue cells. When the brachials are isolated their 
terminal faces, strikingly long, recall those of Ophinroid vertebrae, 
iltere is a ventral groove for the coelomic canal. Above this 
groove the face is divided by ridges into four areas for attach- 
ment of the muscles. Dorsal to this is the pit for the strong 
igament which binds the ossicles together; then comes the canal 
for the aboral nerve-cord, whilst dorsal to this is the pit for what 
is called the “ dorsal elastic ligament.” The theory underlying 
11 s name is that the muscles bend the arms ventrally, and the 
gament by its elasticity restores them to their places ; but there 

3e r T t0 f7, that the is really a dm S 

.}* " P a rhcularly to be noted that similar muscles occur 
between he first and second radials, proving that the primary 

m m really begins with the first radial. The second and third 
adials, as also the first two ossicles and certain others of each 
arm, are closely united by calcified fibres, and this kind of union 
18 called a "syzygy” (Fig. 265, syz). The cirri have all their 
ossicles united by muscular attachment, and can move rapidly 

1 lie blood system (see pp. 449-451) forms a ring consisting 
of a network °1 strings round the oesophagus. This is termed 
the labial plexus. Prom this cords can be traced to the wall 
oi the stomach and to the surface of the genital stolon. The 
assertion that radial strands intervene between the ectodermic 
nerve-cord and the radial water-vascular canal, though usually 
made, does not appear to be justified, since what is termed the vessel 
appears to be a crevice formed by shrinkage in preservation. 

The process of respiration is doubtless largely carried out by 
the podia, but it must be assisted by the constant instreaming of 
fresh sea-water through the pore-canals. The process of excretion 
has not been directly observed in Antedon, but structures called 
saccuh may be connected with this function. These are 
spherical masses of amoebocytes embedded in the tegmen. 
During life they are colourless, but after death they become 
coloured showing that they secrete a peculiar compound. These 
saccuh abound the disc, and a row of them is to be found at 
each side of the ambulucral groove in the arms. When, as in 
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tropical species, the groove is supported by side-plates, these are 
notched for the reception of the sacculi. 

Turning now to survey the group Crinoidea as a whole, lack 
of space forces us to confine our attention mainly to the living 
forms. These differ amongst themselves chiefly in the following 
points: (1) the condition of the stem; (2) the structure of the 
calyx > (3) what is intimately connected with this, the method 
of branching of the arms ; and (4) the length of the alimentary 
canaL 

Condition of the Stem. — This is represented by a centro- 
dorsal stump in Antedon and most of its allies, but in Actino- 
metra it becomes a flat plate, and in some species in old age 
all the cirri drop off. In Uintacrinus and Marsupites (fossil 
genera) there is no trace of cirri. In Pentacrinidao there 
is a long stem, pentagonal in cross-section, in which alternate 
ossicles carry whorls of cirri ; in Rhizocrinidae the stem consists 
of compressed ossicles, elliptical in section, bearing cirri only 
at the rooting tip, whilst in Hyocrinus the stem is made up of 
cylindrical ossicles, cirri being apparently absent. Finally, in 
Holopus the stem is represented by an uncalcified leather y out- 
growth from the calyx. 

Skeleto n of Caly x and Arm . — In living Crinoidea, with the 

doubtful exceptions of Holopus and Hyocrinus , the calyx is sup- 
posed to be built up originally of four whorls of plates, viz. “ infra- 
basals,” “ basals,” “ radials,” and “ orals,” the last named forming 
the skeleton of the oral valves round the mouth. In the two 
exceptions named there is no certain evidence of the existence of 
infra-basals. In living forms the infra-basals coalesce with the 
uppermost joint of the stem ; the basals remain large and 
conspicuous, though they are fused into a ring in Rhizocrinidae, 
Atelecrinus , and Thaumatocrinus , whilst in Pentacrinidae this 
ring is nearly, and in Antedon and its allies completely, hidden 
when the calyx is viewed from the outside. In Hyocrinus the 
basals are represented by three ossicles. The lowest radials are 
an important element in the patina in every case, but the 
upper radials, the incipient portions of the arms, may be in- 
corporated in the calyx (. Pentocrinus , Antedon) or may be free 
(Rhizocrinidae and Hyocrinus) ; in Metacrinus there are five to 
eight radials in each column, all incorporated. 

The oral plates are very large in Hyocrinus , Holopus , and 
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Thaumatocrinus, small in Rliizocrinus, vestigial or absent in 

Bathycrmus, and completely absorbed in Antedon. In addition 

to these main elements, in many species small accessory plates 

are developed (a) at the sides of the ambulacral groove, over 

\vliich they can close down (many species of Antedon, Hyo’crinus 

Holopus, Rhizoerinidae, some species of Pentacrinidae) ; these 

are “ covering plates,” and correspond in function to the adambu- 

lacrals of Asteroidea; (J) supporting the sides of the groove 

and corresponding to the ambulacrals of Asteroidea; 1 these are 

side-plates, and the covering plates articulate with them • ( c ) 

on the surface of the tegmeu ; these are the interradial pktes 

which in Thaumatocrinus alone among recent forms, hut in 

many fossil forms, are continued into the patina where thev 
separate the radial plates. P 7 

Mode of Branching of the Anns— All modern Crinoids 
uve pinnules and this, as has already been explained, is due to 
a suppressed dichotomy. The extent of the uppres ion deter 

Zltr nbe i ° f r ' '• WhiCh ^ »r g en»T 

ich could be called a stomach; in Actinometra the mouth 

s excentnc and the anal papilla occupies the centre of the 

tegrnen. The intestine is elongated, and describes several turns 
round the papilla before ending in the anus 

The Classification of Crinoidea cannot properly be considered 
Mho* taking account .f f„», P J J “ ^ 

adequately is impossible on account of limitations of space 
Less regret may be felt because the three specialists in P this 
branch, viz. Bather in England, Springer in America, and 
Jaekel in Germany, come to fundamentally different conclusions 
on the subject. If we confine our attention to living forms we 
iW with 1. H. Carpenter, 2 select the stem as the basis of 
classification. As the method of gaining food is the same in all 
cases, the Crinoidea have probably split on the method of attach- 
ment to the substratum. These families- it is impossible in 

view of the greater range of variety in fossils, to dignify them 
with the name of orders — are as follow : ^ 

Bather calls the side-plates i{ adanibulapral n ^ 

suggests that the side-plates correspond tot ' adaS IS “ “ f< ? nnate - “ St 

When the groove is cloid the posit! ’’ ** 

P ‘ M T (La “ k ,l Ster ' s Trmti,e m ^logy, iii. “ EchinoderLata " 1900)“® 

Challenger Report, (Stalked Crinoid,), vol. si. pt. xxxii. 1884. )- 
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Fam. 1. Hyocrinidae. — Stein long 

and persistent ; cirri absent ; stem ossicles 
cylindrical — ligaments uniting them not 
specialised. Arms (five) short, but with 
extremely long pinnules. Patina com- 
posed of long exposed basals and a ring 
of five spade-shaped radials. Five large 
persistent orals. Interradials and cover- 
ing plates present. One species ( Hyocrinus 
bethellianus , Figs. 268, 269) dredged up 
in the Southern Pacific Ocean. 



Fio. 269. — Tegmen of Hyocrinus, viewed from above 
after removal of the arms, x 8. (From Wyvi e 
Thomson.) 

Fam. 2. Rhizocrinidae. — Stem long 
and persistent ; cirri confined to a few 
near the root or replaced by rooting 
branches of the stem. Stem -ossicles thin 

and pentagonal at the summit, but lower 
down compressed, elliptical in section, 
and united by two ligaments separated 
Fio. 268.— Hyocrinus bethel- by a transverse ridge for articulation. 

w^lie ThLL.) (Fr ° m Pafci " a com P osed of -P 08 * 3 Nasals and 

a ring of five short radials. Orals large 
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or vestigial. Covering 
plates and interradials 
present. Two genera, 
both from great depths 
in the Atlantic — Rkizo - 
crinus (Fig. 270), with 
five arms and well de- 
veloped orals (attach- 
ment by branching root- 
cirri) ; and Bathycrinus , 
with ten arms and vesti- 
gial orals ; attachment 
by root-like branches of 


stem (this is essentially 
the same as root-cirri). 

Fam. 3. Pentacri- 
nidae. — Stem consisting 
ol ossicles which are 
pentagonal in section, 


united in pairs by syzygy, 
the upper one of each 
pair bearing a whorl of 
cirri and united by five 
bundles of fibres of petal- 
like section with the 


lower one of the pair 
above it. No rooting 
processes. Patina con- 
sists almost entirely of 
columns of radials, the 
basals being almost or 
completely hidden. Orals 
absent, but side-plates in 
the ambulacral grooves. 
Two recent genera, Pen- 
tacrinus ( Isocrinus ), with 
three radials in each 


column; Metacrinus , with 
five to eight radials in a 
column, but the third 



Fro. 270 . — Rhxzocrinus lofotrnsis. 

Wyville Thomson.) 
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radial bears a pinnule. 
Pentacrinus is found in 
both the Caribbean Sea 
and the Pacific Ocean ; 
Metacrinus in the Pacific. 
It appears that the Pen- 
tacrinidae when young 
are attached by a foot- 
plate at the apex of the 
stem ; but when adult, 
the stem is broken in 
two and the animals, 
like Antedon , swim by 
movements of the arms, 
dragging a large par' of 
the stem after them, by 
which they effect tem- 
porary attachment. As 
in other stalked forms, 
the cavities of the 
chambered organ are 
prolonged into canals 
which traverse the stalk ; 
but in this family there 
is the peculiarity that a 
repetition of the cham- 
bered organ is found 
opposite every whorl of 
cirri. 

Fam. 4 Holopodidae. 

— Stem represented by 
leathery nonealcified 


a 


outgrowth from the base 
of the calyx ; one circle 
of radials indistinguish- 

ably fused with the 
basals and with each 
other to form the walls 
of the calyx. Lar^ 
oral plates, ten short 
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arms. One genus, IIolopus , in shallow water in the Caribbean 
Sea. 


Fam. 5. Comatulidae. — Stem in the adult broken off, leaving 
only a stump, the centro-dorsal, covered with cirri. Six genera. 
Antedon ( = Co mat ala) has already been described ; many tropical 
species have numerous arms and often side-plates and covering 
plates. Actinometra is distinguished by its excentric mouth, and 
by the fact that the centro-dorsal is flat and has cirri only round 
its edges ; Atelecrinus lias an acorn-shaped centro-dorsal, and the 
basals are externally visible ; Eudiocrinus differs from Antedon 
only in having five arms; Pro mack ocrinus is a remarkable form, 
having ten radii (this is a unique feature in Crinoidea) ; finally, 
Thaumat ocrinus has basals externally visible, large persistent 
orals and interradial plates, and in addition a short free appendage 
of several plates on the anal interradius. Antedon and Actino- 
metra are almost world- wide. Six species of the first have been 
recorded from British waters, of which the commonest is Antedon 
rosacea ; four others are distinguished by having longer cirri, and 

do not seem to be well defined ; but 



Fio. 273.— Calyx of Aclino- 
criniifi, one of tlie Carne- 
rata, broken open to show 
structure. amb, Ambu- 
lacra I groove enclosed in 
covering plates ; /}, basal ; 
R\ R‘ l , A 8 , the three 


A. eschrichtii , a northern form, is larger, 
and is distinguished by having long 
proximal pinnules. The other genera 
are rare, and occur in deep water. 

When we turn to survey fossil Cri- 
noidea, we are met with a bewildering 
variety of forms ranging from the Lower 
Cambrian to the present day. As already 
mentioned, there is no agreement amongst 
experts as to how they should be classified. 
Bather makes the fundamental cleavage 
depend on the possession of two whorls 
of plates in the base (Fig. 274), or of 
only one whorl. These two divisions he 
calls Dicyclica and Monocyclic a re- 


zTttei!) ° f a coIurni1, < After spectively. He admits that in many 

forms allied to Dicyclica the in fra- basals 
have disappeared ; these he terms “ pseudomonocyclic " forms, 
and believes that he is able to discriminate them from true 


Monocyclica. The present author is utterly unable to believe 
that the Crinoidea diverged into two groups on what is a 
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some cases slight horn-like outgrowths of some of the plates of 
the calyx may support prolongations of the grooves. 

i his group, which, like the foregoing, commences in the 
Cambrian, is perhaps more primitive than the Thecoidea in 
showing less influence of the water-vascular system on the 



Fio. 276. Trochocystis bohemicvs, viewed from two sides, o, Mouth. 

(After Jaekel.) 


skeleton ; but in the presence of a differentiated stem and the 

o rays, it is more differentiated. The 
anus is on one of the flat sides, covered with a flat plate acting 

as a valve. The members of this group were formerly confounded 
with Cystoidea, from which they differ in the absence of the 
characteristic pores. Trochocystis, the genus figured, is devoid of 
any horn-like outgrowths of the calyx. 


CLASS IV. CYSTOIDEA 

Pelmatozoa with respiratory organs in the form of "diplo- 

pores or “ pore-rhombs.” In a great many cases there is 

a stalk, but in other cases this is utrophied, and the animal is 

attached by the base of the calyx. The radial canals run for a 

shorter or longer distance over the calyx, but the plates of the 

calyx themselves are not modified for them. Either they run in 

simple grooves, or they are protected by a special series of plates 

lying above the plates of the calyx. The terminal portions of 

the radial canals are in all cases free, supported by unbranched 

arms consisting usually of a double row of ossicles. These arms 
are termed “ fingers/' 

It will be gathered from the description just given that the 
fingers and the respiratory organs distinguish Cystoidea from 
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the two foregoing classes. Formerly this class was a lumber- 
room in which were placed all primitive irregular Pelmatozoa. 
J he labours of Jaekel 1 have, however, dispelled the mist which 
enveloped this group, and in his monograph all that can be 
extracted both from superficial examination and dissection of 
these fossils is contained. It seems possible to the present 
author that the class may eventually require to be divided into 
two, corresponding to the two main divisions which Jaekel 
recognises, viz. DiciioroniTA, with pectinated rhombs, and 
jDiploporita, with diplopores. 

The pore-rhombs of the Dichoporita (indicated in Fig. 277 
by the small parallel lines crossing the boundaries of the plates) 

mouth 



anus 

Fig. 277. — Kr.hinnsphnerifr/t aurantium. A, from above ; B, from the side ; C, neigh- 
bourhood of mouth, enlarged. amf>, Ambulacr.il groove with side-plates and cover- 
ing plate ; mud, rnadreporite. The short parallel lines across the sutures are the 
“pore-rhombs.” (After Zittel.) 

were, according to Jaekel, nothing but a series of folds of thin 
integument projecting into the interior, the outer opening of which 
in most cases adhered in the middle, leaving two pores connected 
by a groove. The inner boundaries of the folds are sometimes 
preserved, but in many cases they were entirely devoid of calci- 
fication, and so were lost. The radial vessels either branched a 
great deal, giving rise to a multitude of fingers, or, as in Erhino - 
sphoerites (Fig. 277), there were a few long fingers supporting a 
reduced number of radial canals. In some wises the calyx can 
be analysed into a regular series of cycles of plates, consisting of 
basals, orals, and three intervening whorls, thus including one 
more ring than the calyx of Crinoidea. Jaekel regards this as 
a primitive arrangement, l»elieving that the irregularity seen ifl 
Echinosphatrites is secondary. This is a doubtful hypothesis. 

1 Sta ni mcsyesch ichtc dcr Pelvmtozocn , pt. i. 1899. 
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The diplopores of the Diploporita appear to consist of two 

canals traversing the body-wall, opening close together into a 

common p lt externally, but diverging internally. Since in some 

cases, as in AristocysHs (Fig. 278), this common pit is provedt 
have been closed externally by a very P 

delicate layer of calcification, it is 

probable that the pores represent 

m other cases the points of origin 

of finger-like gills similar to those 

0 Aslur °idea. Where they were 
closed by calcification this was so 
thin and porous that the diffusion 
i rough it sufficed for respiration. 

Jaekel regards the Diploporita as a 
group derived from Dichoporita, but 
this seems to be extremely doubtful. 

CLASS V. BLASTOIDEA 

F,a * 278 .—Aristocystis. In the upper 

oj^rr , with r , 

organs in the form of longitudinal of the superficial layer. 

calcified folds, termed “ hydrospires,” U 

radiating from the mouth. Stem well develoned • ra u, v , 

1*1 i i _ surmounted by a whor/ of forked 

radials, m the clefts of which lay the recumbent radial water 

vascular vessels, supported each on a special plate (“lancet 

plate ), and giving off 'two rows of branches supported by short 

fingers (big. 279). Side-plates and covering plates were also 

developed; five orals (“deltoids”) completed the calyx. The 

anus was at the side, just beneath one of the orals. 

Tim hydrospires, which are the great characteristic of the 
class, are seen in section in Fig. 279, B (Jiyd). They consist of a 
Varying number of parallel folds on each side of each “ pseud- 
ambulacrum,” as the lancet plate with its adhering side-plates 
and covering plates has been termed. In the most primitive 
genus, ( odaster, they appear to have opened directly to the 
extenor, and to have been placed at right angles to the lines of 
union «f the radial and oral plates, just like the grooves of a 
pectinated rhomb. In more modified forms, such as Pentremites 
and Granatocnnus (F,g. 279), the outer openings were overarched 
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by tiie extension of the side-plates of the radial vessel, and the 
whole group of folds has a common opening near the mouth ; 
indeed, in the highest form there is one common “ spiracle ” for 
the two groups of folds in an interradius, which in one interradius 
is continent with the anus. The hydrospires, when they reach 


A. 



Flo. 279. — (jranatocrinus nnrimoi/i. A, 
view of whole animal ; B, section of 
radius ; C. an isolated finger. ////,/, 
Hydrospire ; lancet plate ; jnnn y 
finger ; p.p, covering plate ; Ii and 
1) both signify radial plate. (After 
Zittel.) 


this form, irresistibly recall the 
genital bursae of Ophiuroidea 
(Fig. 214, p. 490), and very 
possibly served the same purpose. 

Reviewing the whole group of 
the Pelmatozoa, we see that in 
the Cambrian they begin with 
the extremely primitive Thecoidea 
and Carpoidea, together with 
some obscure forms which, com- 
bining a stem with pentamerous 
symmetry in the calyx, are sup- 
posed to be the forerunners of the 
Crinoidea. In the Lower Silurian 
or Ordovician the two groups ot 
the Cystoidea make their appear- 
ance, possibly independently de- 
veloped from either Carpoidea or 
primitive Crinoidea, which in 
this period are present in unmis- 


takable form. In the Upper Silurian the Blastoidea appear, 
distinguishable from the most regular Cystoidea only by their 


hydrospires. It seems practically certain that they were 
developed from Cystoidea, and we follow Jaekel in believing 


that they arose from Dichoporita. The Carpoidea do not 
extend beyond the Ordovician, and by the end of the Carbo- 
niferous period Cystoidea and Blastoidea die out, leaving only 


the Crinoidea, which at that period were at their maximum 
development. Erom the Carboniferous to the present day the 
Crinoidea have continually decreased, leaving in recent seas, as 
sole representatives of the Pelmatozoa, only the few forms 
described at the beginning of this chapter. 
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ECHINODERMATA. ( CONTINUED ): DEVELOPMENT AND TIIYLOGENY 

In Chapter XVI. it was stated that whilst a more or less perfectly 
developed radial symmetry was one of the characteristic features 
of the phylum Echinodermata when in the adult condition, yet 
in the immature or larval condition the members of the group 
have a strongly marked bilateral symmetry. In this feature 
larval Echinodermata resemble the other Phyla of the animal 
kingdom which have a well-developed coelom, such as Annelida, 
Mollusca, Vertebra ta, etc. Since, then, the peculiar radial 
symmetry is gradually acquired during the growth of the 
Echinoderin, we may possibly discover by a close scrutiny of the 
lile-h istory what is the nature and meaning of this departure 
Irom the ordinary type of structure among coelomate animals. 

There are two kinds of development met with amongst 
Echinodermata, which may be roughly characterised as the 
“ embryonic * and the “ larval ” type respectively, although 
neither description is exact. In developmental histories of the 
first type so much reserve material is laid up in the egg in the 
form of food-yolk that the young animal whilst in the bilateral 
stage requires little or no food. In some cases, however, 
as in Amphiura squamata , the mother pours out a nourishing 
exudation; but whether this is so or not, the parent in nearly 
every case carries the young about with her until they have 
leached the adult condition. In some Asteroidea, as for instance 
in the Antarctic species Asterias spirahifis (Fig. 2S0 ), the youim 
become fixed to the everted lips of the mother; in Amphivm 
squamata and some other Ophiuroidea the eggs remain in the 
genital bursae, which serve as nurseries ; in somA Spatangoidea, 
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as for instance in Hemiaster philippi (Figs. 250, 281), the eggs 
are carried in some of the deeply grooved petaloid ambulacra; 
whilst in Holothuroidea they may develop in the body-cavity 
(. Phyllopkorus urna ), or they may adhere to the back of the 
mother {Cucumaria crocea , Fig. 259, p. 573), or they may be 
protected in special brood-pouches either on the ventral side of 
the parent ( Cucumaria laevigata) or on the dorsal surface {Psolus 
ephippifer, Fig. 261). 

The majority of these cases of embryonic development have 
been recorded from Arctic or Antarctic waters ; it appears as if 

conditions there were not 
favourable to the larval 
type of development. In 
Pelmatozoa the develop- 
ment of Antedon rosacea 
alone is known, and 
that is of the embryonic 

type. 

So far, however, as 
their mode of propaga- 
tion is known, it may 
confidently be affirmed 
that the development of 

the majority of the 

Flo. 280. — Oral view of Asterias spirabilis , slightly gpgcieS of Eleutherozoa 
enlarged, showing embryos attached to the everted . „ , i nr 

lips, emb, Embryos. (After Perrier.) IS Ol the SeCOUU ui 

larval type. In this 

type there is little food-yolk in the egg, and the young animal 
or larva is forced from a very early period of development 
to seek its own living, and hence it is usually a consider- 
able time (from a fortnight to two months) before the adult 
form is attained. When the embryos of different groups of 
Eleutherozoa are compared, there is no obvious agreement m 
structure between them ; but the larvae of the four classes of 
Eleutherozoa exhibit with differences in detail a most remarkable 
fundamental similarity in type, and we are accordingly justifies 
in regarding the larval development as primitive, and the 
embryonic type as derived from it and differently modified in 
each case. 

In the typical larval development the eggs are fertilised 
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after being laid, and they then undergo segmentation into a 
number ol equal, or nearly equal, segments or “ blastomqyes.” 
These arrange themselves in the form of a hollow sphere or 
“ blastula,” the cavity of which is called the “ blnstocoel” and 

afterwards becomes the primary body-cavity of the larva. This 
cavity contains an albu- 
minous fluid, at the 
expense of which de- 
velopment appears to 
be carried on (Fig. 

-^2, I>). The cells 
lorming the blastula 
acquire cilia, and the 
embryo begins to rotate 
within the egg -mem- 
brane, which it soon 
bursts, and, rising to 
the surface of the sea, 
begins its larval life. 

T he blastula is there- 
fore the first well- 
marked larval stage. 

O } 

and it is found in a 
more or less recognis- 

O 

able form in life-his- 
tories of members of 
everv large group in 
the animal kingdom. 

Onlv in the case of 
Kchinodcrmata and of 
forms still lower in the 
scale, however, does it appear as a larval stage. The free- 
swiumiing blastula stage is reached in from twelve to twenty-four 
hours. Soon the spherical form of the blastula is lost; one side 
becomes llattened and thickened, owing to a multiplication of cells, 
so that they become taller and narrower i.i shape. Shortly after- 
wards this thickened plate becomes buckled inwards, encroaching 
on the cavity of the blastocoel. The larva has now reached 
the second stage of its development; it lias become a “jgastrula ” 
(fig. ()). The plate ot thickened cells has become 



Fi<;. 2 S 1 . — Unnioster jilt il ippi. Enlarged view of a 
single petal, showing the embryos in si/ it. (From 
Wyville Thomson.) The whole animal is shown in 
Fig. 250, p. 555. 
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verted into a tube called the “ archenteron ” (Fig. 282, C, urcJfy 
which is the rudiment of both the alimentary canal and the 
coelom of the adult. This tube communicates with the external 
in virtue of its mode of formation, by a single opening \yhieh \ 

enllpd flip “ n of nnnro ” 'ivVjir.V* 4-1, ~ ~ aT 




called the “ blastopore;’ which becomes the anus* of the 6 ter 
larva and adult. A\ hilst the gastrula stage is being acquired/ 
the blastocoel or primary body-cavity is invaded by wandering 

O cells budded from the 

wall of the archenteron 
(Fig. 282, A, B,C ,mcs). 
These cells, which are I 
called “ mesenchyme,” j 
are the formative cells ^ 
of the skeleton, con- 
mc3 ' nective .-tissue, and 
wandering cells of the j 
adult. When the larva 

A a 8 ^ e ^ e ^° n a . rC 

roidea) or in the stage 
immediately before the 
ar ch. formation of the arch- 

B ® enteron (Echinoidea, 

Fia. 282 . — Echinus esculevtus. A, optical section of Fig. 282, A, B) and 
living Mastula. B, section of preserved blastula. ° 11 * 

The network of strings iu the interior is the result secreting the skeleton. 

of the coagulation of the albuminous fluid. C, khg larva is 


.•* tn 65* 


t'l »/T 




mesr 




arch. 

0 


m 


enteron 




the larva 


section of gastrula. arcJi , Archenteron ; mes, mes- 
enchyme cells, attached by protoplasmic strands to devoid of H skeleton 
the wall of the embryo. xl50. TT pin- 




me wan or me embryo. x ibU. (Astcroidea and Holo- 

tliuroidea), the mesenchyme usually does not appear till the 
gastrula is fully formed. j 

The gastrula stage is reached in twenty to thirty-six hours. 
Then one side of the larva becomes concave, and the cilia become 
restricted to a thick band surrounding this area. In this way , 
is formed the rudiment of the longitudinal band, of cilia, which is 
the organ of locomotion throughout the larval life. At the 
apex of the archenteron a thin-walled vesicle is formed, which 
soon becomes divided off from the rest. This vesicle, which . 
almost immediately divides into two sacs, right and left, is the j 


\ 
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